












GOVERNMENT OF INDIA 
ARCHAEOLOGICAL SURVEY OF INDIA 

archeological 

LIBRARY 


accession no. 2. -4'4^'4'4' - 

CALL No. 0 6/. 53/A‘R>S']‘ 


D.C.A. 78 































. jort* 












j 





ANNUAL REPORT OF THE 
BOARD OF REGENTS OF 

THE SMITHSONIAN 
INSTITUTION 

SHOWING THE 

OPERATIONS, EXPENDITURES, AND 
CONDITION OF THE INSTITUTION 
FOR THE YEAR ENDING JUNE 30 


061-53 

ft • R , • S • !• 


1911 

24444 



sSSeajfteK 

-AKA- 

jornry 

■ COVERS WEST prjxttso CPFTCE 
■■ ^ ’ ' - _ au J 

I N D V-fe 


\ 





h : * * 


Jl". ^ <r,MEOL <3GIGAL 

£* *L- 

***—.—: 


LETTER 

I'KtiU Tit3’ 

SECRETARY OR THE SMITHSONIAN INSTITUTION, 

a v h niTTTCf a 

THE ANNUAL REPORT OF THE BOARD OP REGENTS OF THE 

INSTITUTION FOB, THE YEAR ENDING JUNE 30, 1SU. 

■ « , * »• 9 - 

■ t + :v • 

; ! ----- - 4 „ 

■ T. <’ - 

Smithsonian T^ranrnrtov, 

TTWnnfffen, April 3,- 1912. 

To the Congress of the United States! 

In accordance with section 5593 of'die Revised Statu Lea of the 
United States, I have the honor, in behalf of the Hoard of Regents, 
to submit to Congress die annual report of die operations, expendi¬ 
tures, and condition of the Smithsonian Institution for the year end¬ 
ing June 30, 1911. I have the houor to be, 

Very rcajwctfulJy, your obedient servant, 

Charges D* Walcott, Secretary. 
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ANNUAL REPORT OF Till BOARD OF REGENTS OF Till: SMITH¬ 
SONIAN INSTITUTION FOR THI! TEAR ENDING JUNE 30,1011. 


SUBJECTS, 

1. Annual report of the secretary, giving an account of the opera¬ 
tions and conditions of the Institution for the year ending dune 30, 
mil, with statistics of exchanges, etc. 

2. Report of the executive committee, exhibiting the financial 
nlTaira of the Institution, including a statement of the Smithsonian 
fund, and receipts and expenditures for the year ending June 30, 
1011 . 

;j, Proceedings of the Board of Regents for the sessions of Decem¬ 
ber 8,and February 9, 1911. 

■S. Gencrtd appendix, comprising a selection of miscellaneous mem¬ 
oirs of interest to colhilwrators and, correspondents of ihc Institution, 
teachers, and others engaged in the promotion id knowledge. These 
memoirs rulate r hie II y to the calendar year lull. 

























' 

















THE SMITHSnmS INSTITUTION. 


JVNE 36. 1911, 

Prni&ns agirtr <x ojRrio.— 1 William II. Taw. President»( the United Sutw, 

Ch anttrint.- Jamtib S, Shehxax, Vfc« President of the United States. 

Mrmbtrs nj rtf InEtiluliem: 

William H Taft + Fteridinit of ih& United Stetea, 

James S, StisitMANp View F««dentrf the United State* . 

Edward DoCGLARa White, Chief Justice of the United Suite#. 

Philander C, Knot. Secretary of StAte. 

FRan RUN Min Year* r Secretary of the Treasury. 

Hrnrt U StdcroNh Secretary of War, 

Georoe W. Wmimhah, Attorney GcarniU 
Frank IT. JincHcoCEp PuEnnaettr Geuer»L 
GeoIkis vow Ji. Meter, Secretary of the Nivy, 

Waiter L. Fisher, Secremry of the Interior. 

Jam Eg Wilson* Secretary of Agriculture, 

Charles Nagel, Secretary of €o m metre pnd 
ffnprnfj 0/ rtf /n-.TJ* rtuiiom 

James S. Sherman, Vico of the United Sintea, Chaneelbir, 

Ed ward Drug lamb White h Chief Jutikeof the United Statw. 

Shelby M. C^lloh* Member of the Senate. 

Henry Caihjt Lodge p Member of the Senate. 

AuouBTfa O. Bacon, Member of the Senate, 

John Dalzell, Member of the Ilmiao of Reprewntati™, 

James R. Mann, Member of ikn Euiiaeof Representative*, 

William M. Howard, former Member of the Hutse of Representative Regent 
until December 27* 1011. 

Jam*# B. AngSil, citizen of Michigan* 

Akdrbw LL White, d(u*n of New York 

John B, Urndekb^s, Jr., citizen of Wuhiti^ton, I>. C. 

Alexander Qraham Bell, citizen of Washington, R. C, 

George Gray, citizen of Wkw. 

Charles F. Choate, Jr., citizen 01 ibamchiuwtB, 

EiftwIiK Uomimtfcc.— A, 0. Bacon, Aikakwh Graham Brtx, Jon Dalzell, 

0/ Xfte tiiian .— C habLP . \1 auw . 

J.juiHfrjnl Srcritar^ in fhtrrg* aj National AlUKU»\. — RicHaRD Ratkrun. 
jJ(ja I'nJTrj ?if Stcrwitif^f irt cAuiyr oj XtiNvwy and JZxrhfltifj+f, Frederick W. Trite... 

Vhifj Clerk— IT a ft RY W Dorset 

Armuniani and BuhnninQ Agent W r 1. AdaHM, 

Editor*— A, Howard Clark. 





Ill ANNUAL REPORT SMITHSON LAN INSTITUTION, IP LI¬ 

THE NATIONAL MUSEUM. 

fCrrpfT fj ^Jr*V. —i' TiAww.w a D. Ws u:uTT r Secretary of the SmUbiitiaiKlt [cisilmtin-n. 

.Umlftnt Strtrifirif in Ricilarl Rath nun. 

J^taiJUifraJirc -Aft&tonL — W. ns 0. Ravekkl. 

flmd Curator * 1 WlLIlAH IE. HotAilSS, LEOXHAHP HTEJSEfiF.ll, G. P. MfHUIPL. 
Curator.*,■ —R, 8. UAShi.r.F!, A, EFuU-AIeEj Clabe* F. \V. 'M4KE, F. V. Cqviu.k, W. IE. 
Paul, It. W, J, If* Fldtt, U.\s. X. (retired), W. IL Hue.mkh, 

Walter Ltocoft, L. (> r Howard, Ales Hhpli^ju, G. P. Merrill, Qwtm it 
ft. MlLLKIl, Ir.^ RtCHAfeD RATOtlf^, ROBERT RlDOWAlTp LeOXHARU SfrJSMEft, 
(}|Llh_les 1*. Walcott. 

Aitociatr. Ctauore,—J. X. Rone, David White, 

fumCor* AolLOiwf o/Jrl. W. II. Holuejl 

rfilf/d/ naif PwiAfUf^ ^flA^ROLPli I. GeARE. 

SupfFinttntfrrU of ConytrurtifiTL and Ia ibur. —J_ is. Goldsmith. 

Editor.— Marcus BesjaMiv. 

PhofnpTTjphtr— -T. W, SmUjr., 

Rtgirirar.S. C_ Brtuw x. 

BUREAU OF AMERICAN ETHNOLOGY. 

EUtnnlryfisZ i.n tJuije,—F* W. Honor, 

J^Anq%r^. J. Walter Fcwrvj?, J. X. It. FTl&wrrr, Fhamcia La Elijah k> Tru- 
max MicrifTLnox, JAHts Muon by, Matilda Cuif. Stevenson, J^um R + 
£ wanton. 

FAiiofopuL— F ea x 7: Boa h , 

Erfitor JoSEFtt G, GubJ-bt. 

Jtfmi/ntor.—P e Lancet \V r Gill, 

IX T E RX ATH >jfAL EX< JIANOES. 

„~l jijjiT-ffro. Xnrrliir^ In. Frederick W. True, 

Chief GVts C. W. Shochaevr. 

NATIONAL ZOOLOGICAL PARK. 

A* upEr^itfiulfiti.— Fra X K Ua EFk. 

A Uisfrtn ! Btiptfi 1 t&flrfmf, A IL Baker. 

ASTROPHYBICAL OBSERVATORY. 

BiUrtOT.™* U, G An pot. 

JJA—F. E. Fowtis, Jr. 

regional bureau for the united states, international 

CATALOGUE OF SCIENTIFIC LITERATURE, 

„ 4 j#ufOTLf HI C. Gunnell, 


v 


REPORT 


or niFr 

SECRETARY OF THE SMITHSONIAN INSTITUTION 

CI1ARI.es D. WALCOTT* 

FOR TEE YEAR ENDING JUNE mi. 


To the Board of Regents of the Smithsonian Institution: 

Gbntlbmen k , I have lhe honor to submit u report showing the 
operations of the Institution and its brandies during the year ending 
June 30, 1D11, including the work placed by Congress under the direc¬ 
tion of the Board of 1?events in the United States National Museum, 
the Bureau of American Ethnology* the International Exchanges, 
l lie National Zoological Park, the Astro physical Observatory', and the 
United States Bureau ol the International Catalogue of Scientific 
literature. 

The general report reviews the affairs of the Institution proper, 
with brief paragraphs relating to the several branches, while the 
appendix presents detailed reports by those in direct charge of ihe 
work. Independently of the present report, the operations of the 
National Museum and the Bureau of American Ethnology are fully 
treated of in separate volumes. 

THE SMITHSONIAN INSTITUTION, 

THE EOTABMSmimL 

The Smithsonian Institution was created an establishment by art 
of Congress approved August ID, 1846, Its statutory members are 
the President of the United Stales, the Vice Presidents the Chief 
J ustiee, and the heads of the executive departments. 

THE BOARD OF REGENTS. 

The Board of llegenis consists of the Vice President find the Chief 
Justice of the United States as ex offirio members, three Members of 
the Senate, three Members of the House of Representatives, and six 
citizen^ u two of whom shall be resident in the city of Washington, 
and the other four shall be inhabitants of some State! but no two of 
them of the same State*® 1 

amt’-sy 1931- 1 


1 
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On July 4, 1^10, Chief Justice Fuller died and was succeeded on 
December ID by Chief Justice Edward Douglass White as ex officio 
member of the board. 

At ei meeting of the Board of ltegcnta on December 8. LDlO f the 
Ifo*u James 8. Sherman, Vice President of the United Slates, was 
elected Chancellor. 

The personnel of (he board has been further changed by the resig¬ 
nation of iron. John B, Henderson and the appointment of John B. 
Henderson^ jr* ( as a Regent. 

O KN HlEAL L'O NSIDERAT IONS. 

The Smithsonian Institution has had a powerful influence fonnnre 
than 00 years In the development of science in the United Staler 
Its achievements in many lints of research and exploration haveh^n 
of greet good in the promotion of the welfare of the human race. 
The Institution and its branches continue to be engaged in a wide 
range of actmdos, covering practically the entire field of natural 
and physical science* as well ns anthropological and archeolnguiil 
researches. 

Tn iny last report l referred to the establishment nf a trust fin id T 
through the generosity of Mrs. E, II, ITurriman, which yields an 
annual income of $l2 t 000, to be devoted to the definite purpose of car¬ 
rying on scientific studies, particularly of American mammals and 
other animals the donor specifying Dr. C. Hart Merriam ns the In¬ 
vestigator to carry nn the work during his lifetime* 1 believe it desir¬ 
able to establish a number of such research assoeiateahip^ whereby 
esj^ially capable men in other branches of science may be afforded 
opportunities for research work without the enre and burden of 
administrative duties, and with full assurance that as long ns their 
work is properly conducted it will be continued and that provision 
will l*e made for them whin incapacitated for active service, The 
field for scientific investigation is extensive, ami there arc number* 
of worthy projects that can not now l>c undertaken because of lack 
of means — projects that could not properly lies carried on through 
Government appropriation, but which the Smithsonian Institution 
could readily undertake were the means available* 

Friends of the Institution have from time to film generously pro¬ 
vided funds for mm ing on Important explorations and research^ 
ns in the case nf the Smithsonian African expedition, and more 
recently by largely supporting the Smithson inn biological survey nf 
the Panama Canal Zone. 

It seems proper that I should here call special attention to the 
motive which led the late George W. Poore, of Lowell, Massiichit- 
setts, who died December 17, 1010, tn make the Smithsonian Insti¬ 
tution hb residual legatee. By the terms uf Lhe will the estate, esti- 
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mated to be about |40 t 0Q0 s t$ Ijcqneatbed under the condition that 
the income from this sum should added In the principal until a 
total of s^JjGjOGK) should have been readied. and that then the income 
only should he used for the purpose- for which the Institution was 
created. The fund will be known ns the Lucy T + and George W* 
Pwrc fund. The doling worths of this item of tire will read m 
follows: 

t tnnlco Hits gift iin| ko nmdi because of Ug amount as because I liopc it will 
phJTf' an example for other AmerluiEUft in fol]ow T by supporting and enixnirogjuj; 
w wlie ti rid beiHtfloeni jju innOtutlou ns r believe tta? Smithsonian Institute lu 
be F and yet It hm been neglected :llu overlooked bv Anterkuu cltizena, 

A D>11NISTRAT ION. 

* 

On account of the large increase in the administreTive work of the 
Institution and its brunc hes, brought about hy the natural growth of 
their activities mid the addition of new interests, it appeared ad¬ 
visable to appoint an additional Assistant Secretary, to have imme¬ 
diate charge of the Library and International Exchanges, With the 
approval of the Regents. I appointed to that position Dr. Frederick 
William True, who entered the service of the Institution in 1875 smd 
fur several years had been head curator of biology in the linked 
States National Museum* Dr. True entered upon the active duties 
of his office on June 1, 1011. 

finances. 

The permanent fund of the Institution nod the sources from which 
it was derived are as follows: 

Btymitid in the Trrutury p th*i United State*. 


Hvn u«?t of Smithson, _ . ______ ^i^iaa.oti 

Retldutuy 1 i^lc t v of Smithson, IStfT_ _____ __ o^j. (ti 

Lttpwlt froxn sivlugs of Income, 1S4H„_, ___ . . ___ yx% tiiSO. 3T 

Bluest of Jeinji-s 11 n m LI run, 187iV_ ____ 00 

Acctuuukied lateiwt on Hamlet on fund, ___ euocmmj 

- —- 2,000.00 

inquest of Simeon Eta tail, MEL _ _ __ _ __ TiOO.OO 

lk»iH>slt from proceeds of m\c of tanido, 1881_ _ _ _ _ r,^ ijqq qq 

lilf [ of Tlionuim G< __ _ _ _ _ 20T3, tKW 00 

Part of residuary h^ucy of Tim inns G* Hod^kln^ isii-L, _ ^OOfrOQ 

Deposit from savings of Income. 1908.__ ____ 2iP. (MlO. 00 

Resldcnry l^icj o f Thorns G- Hodgkins. ____ 7.018. 09 


Total amount of fond lu tbo Halted States TrmsqiT, . _ G£i 

Registered and guaranteed bonds of the. West Shore It. II, Co. (j*or 
value), port of itgncj of Thomna G* Hodgkins______ 42,000.00 


Total jn'nimneivt fund ._. . .. . .DSG h 01J3L 00 
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In addition to the above, there arc four pieces of real estate be¬ 
queathed to the Institution by the lute II. S. Avery, some of which 
yield a nominal rental and all arc free from taxation. 

That part of the fund deposited in the Treasury of the United 
States bears interest at G per cent per annum, under the provisions 
of the act organising the Institution and an act of Congress approved 
Maid) 12, 1391. The rate of interest on the West Shore Railroad 
bonds is 4 per cent per annum. 

The income of the Institution during the year, amounting to 
$33,435.30, was derived as follows: Interest on the permanent foun¬ 
dation. $93,375.12; contributions from various sources for specific 
purposes, $14,518.43 j and from other miscellaneous sources, $10,541.75; 
all of which was deposited in the Treasury of the United States Lo 
the credit of die current account of the Institution. • 

With the balance of $35,364-38 on July 1,1910, the total resources 
for the fiscal year amounted to $118,800,18. The disbursements, 
which are given in detail in the Annual report of the executive com- 
mittee, amounted to $80,374.52, leaving ti balance of $32,425,06 on 
deposit .June 30, 1911, in the United States Treasury. 

The Institution was charged hv Congress with the disbursement 
uf the following appropriations for the year ending June 30. 1911: 


[ titcmatlmuil cxelui ugtts-— — — - - - - - — - ---G00 

AnuTii’ni] ELlmotogy _ —— -~—— -— - 12,000 

Asiti^Ppli^sfcCTil OUfterva lory —«-- - —-*-- 13, && 

NiHlututl Mbhdd; 

Furniture i\m\ ftxtune* -—------ 125,000 

nettling and Il^bliDg— —■ -—----———— 150,0X5 

Presen"iE!cm of ful] ooUoRii. .... .... -™-„—-___ #00, 00ft 

Books _______..... 2, ooo 

Po^tcige — -- -—— ——-—————— coo 

Building repair* _ _-- —— -—— 15,000 

Rie1M1ei£ — _ _ —„— _ --—- 17,000 

NatJGfml 55fw]ci^Scfll Fnrfc ------ ItR.OOO 

IntenyiTioiinl C*$*frfrgua of Scientific Lllcrntone -— .. . ^ _ 7,50(1 

Elemnra. BmlLhmjiilnF! Building--- -*_ 10,000 


Totti1-„—---— -- —-—— 000 


EXFI^O RATIONS AND RliSEARCILEK. 

Various scientific explorations rntd researches have been carried on 
during the past year by the Institution as far as its limited income 
mid the generosity of its friends would permit. There ha ve also Wen 
important biological, ethnological, and nstrophysical researches by 
the National Museum, the Bureau of American Ethnology, and the 
Astrophysical Observatory, respectively, which are discussed else¬ 
where in this report. 
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STOP FES 1 XT CAMBBZAX GEOLOGY AX’D PALEQXItt U)CY. 

During the field season of IfilG I continued the study of the Cam¬ 
brian strata of the section of the Rocky Mountains adjacent to the 
mum line of the Canadian Pacific Railway* special attention being 
given to the Stephen formation. The outcrop of this formation was 
carefully examined for many miles along the mountain sides, with the 
hope of finding a locality where conditions hud been favorable for 
the preservation of the life of the epoch* The famous trilobiUi 
locality on the slope of Mount Stephen above Field had long been 
known imd many species of fossils collected from it, but even there 
the conditions hud not been favorable for the presence and preserva¬ 
tion of examples of much of the life that, from what was known of 
older faunas and the advanced stage of development of the Upper 
Cambrian fauna, must have existed In the Middle Cambrian sea_^ 
The finding, during the season of 1WJ ? of a block of fossiliferous 
siliceous shale that had been brought down by a snows! ide on the 
slope between Mount Field and Mount Wapta led ns to make a 
thorough examination of the section above in 1010* Every layer of 
limestone and shale above was examined, until we finally located the 
fossil-bearing hand. After that for 30 days we quarried the shale, 
slid it down the mountain ^ide in blocks to a trail, and transported 
it to camp on pack horses, where the shale was split, trimmed, and 
packed and then taken down to the railway station at Field, 3,000 
feet below. 

A number of sections of the Cambrian rocks were studied and 
measured in the mountains north and south of Luggim, Alberta, and 
many beautiful panoramic photographs secured 

BTQLQG1CAL SURVEY OK THF. FAX A MA tASAL ZONE. 

At the date of my lust annual report the Institution contemplated 
an exhaustive biological surrey of the Panama Canal Zone, and it 
was then hoped that definite plans would soon be completed and the 
survey undertaken within ft tew months, I aim glad now to report 
that chiefly through the generosity of friends of the Institution the 
necessary funds for carrying on the work became available* With 
the cooperation of several of the executive departments, and of the 
Field Museum of Natural History, a party of about 10 naturalists 
was accordingly sent to the zone^ and the results so ter accomplished 
have l#een very satisfactory* I^irge collections of biological material 
have been received, including specimens of a considerable number of 
genem and species new to science* 

Much interest Is manifest in the survey both here and in the zone. 
The Republic of Panama was so im pressed with the importance of 
the work that it invited the Institution to extend the survey within 
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the bound** of that country* which was done with gratifying refills 
tis far as the limited means and time permitted. 

As stated in my last report, it seemed to be highly important to 
science that such a survey of the Canal Zone be made, for* although 
iL was known in a general way that a certain number of species of 
animals and plants in the freshwater si reams on the Atlantic aides 
of the Isthmus were different from those on the Pacific aide* no defi¬ 
nite knowledge of the client of these differences had been acquired* 
It also seemed important to determine exactly the geographical dis¬ 
tribution of the various organisms inhabiting the Isthmus, which is 
one of the routes by which the animals and plants of South America 
have entered North America and vice versa. When the Panama 
Canal is completed the organisms of the various watersheds will be 
offered n ready means of mingling together, the natural distinctions 
ns regards distribution now existing will be obliterated, and the data 
for a true understanding of the fauna and flora will be plated for¬ 
ever out of reach. Moreover, a groat fresh-water late will be cre¬ 
ated bv the construction of the Gatun Pam, and the majority of the 
animals and plants inhabiting that locality will bo driven away or 
drowned* and quite possibly some specks may be exterminated lie fore 
they become known to science* 

BIGLOGIOAX EXPEDITION IN CANADA. 

Through the courtesy of the Canadian Government and of Dr. 
A* Q- Wheeler, president of the Alpine Club of Canada, the Smith¬ 
sonian Institution was enabled to scud a small party of naturalists 
to accompany Dr. Wheeler on his topographical survey of the British 
Columbia and Alberta boundary line and the Mount. Robson region. 
The party started in June* 1911* 

'rise region to be surveyed includes a most rugged and broken 
country in the midst of the Canadian Rockies, abounding in a great 
variety of animals and plants, and it is expected that (he expedition 
will result its a targe and valuable collection of birds, mammals, 
and plants to he added to the National Museum series. 

RAlXtiT EXPEDITION IN AFRICA, 

Mr Paul J* Rainey, of New York City, haying planned a hunting 
and collecting trip of several months? duration in Africa, offered to 
present to the Institution the natural history material obtained dur¬ 
ing the trip If there could be sent with him some person skilled in 
the preparation -d specimens. Mr. Rainey generously offered to 
bear all the expenses of tlie trip. The route of travel was to be north 
of that of the recent Smithsonian African expedition* through the 
country lying between the northern portion of British East Africa 
and the southern part of Abyssinia. Mr. Edmund Heller* who was 
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one of the field naturalists of the Smithsonian African expedition 
under the di reel ion of Col. Roosevelt, was accordingly detailed to 
aeoomp&ny Mr, Rainey, and letter have been received indicating 
very successful results. 

BIHD BTTJnrEfi IN THE ALEUTIAN ISLANDS ANP KBIHtl SEA* 

A small party of naturalists made a brief visit to the Aleutian 
Islands and Bering Sat during the season of 1911, chiefly in lhe 
interest of the Smithsonian Institution and the Biological Survey of 
the Department of Agriculture, especially for a study of laud and 
marine birds. Through the cooperation of the Treasury Depart¬ 
ment the party was afforded transportation on the revenue cutler 
Tahama- 

The principal results of the visit were the collection of a good 
series of all the land birds of the islands visited, including a particu¬ 
larly fine series of ptarmigan, and a large number of egg^ and the 
securing of some interesting observations on the distribution and 
habits of the birds of that region. These observations will be made 
use of by Mr. A, C. Bent, who has undertaken to complete the work 
on the life histories of North American birds, two volumes of which, 
by the late May Charles Bewdire, have been published by the Na¬ 
tional Museum and the Smithsonian Institution* 

ANTxmoroiiMnc ax, researches in fehu. 

During the summer of 1010 Dr* Alts TIrdinka, of the National 
Museum, visited the great ruins of the temples and city of Pachucu- 
muc, ubtml IS miles south of Lima, and also the ruins and cemeteries 
in the district of Trujillo, Peru, where he collected upward of 3,400 
crania and a quantity of other skeletal parts. A largo percentage 
of the gathered .skulls are free from artificial deformation and there- 
fore afford a much, better opportunity than previous collections for 
u critical study of the peoples who centuries ago occupied and con¬ 
gregated in these regions. 

Pacha cnmac was a religious center, muds like the Egyptian Thebes 
and the Mohammedan Mecca, to which pilgrims flocked from all 
part# of Peru. After the destruction of the I cm pie of the Sun by 
the Spaniards, the place became a desolate pile of ruins, w ith from 
i'.n.oi'H) to £3,000 gntvc^ of pilgrims who had come from widely 
separated regions. The Valley r>f Ohicama, near Trujillo, with the 
neigliboring country, w as the seat of the powerful people known a fter 
one of their chiefs as Chirnii. 

As to the importance of the material collected* Dr + Ilrdlnk* 
retna rks: 

Pern limy well iw* regsnl&l, wen hi U» nresonl territorial nwtrlcllanji. ns 
t he Lukin Jury ts> t hi? anlliropdloGy of Kmtl h AmcrlrtL Diw i-> tbc number* of 
Iti ancient inllnhltiiiil»p tun! to llK-lr fiir-nneIifo£ win I aitTercroMrttJotJS, Sisdl- 
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cntSnff Ictig occujiancy, a. jeooU knowledge of tb* people of Pent from tbo cnrliurt 
timc^ is very desirable, and would constitute a solid basin fro til wJiieb It 
would be relatively eft By to extend iiiuliropotQgicflL comparison to »U ibo real 
of tbo jmlve peoples of the southern continent. Suvb (intbrojKiloglcol sum- 
parlBons will bo greatly facilitated by tbfl coUeeUmis noquirod on tbls weditlom 

Some of the interesting results of hie work are described by Dr, 
Hrdlitkn in n pamphlet recently published, by the Institution* 

RESEARCHES UNUP.il THE HUIH)lUNS FUNU. 

With a view to aiding m the establishment of an international 
scale for the measurement of solar radiation, as mentioned in my 
last report, a limited grant from the Hodgkins fund has I mm 
approved for the constructiun, in die Smithsonian workshops, of 
several silver disk pyrhdiometers, after the design of Mr. C, G, 
Abbot, Director of the Smithsonian Astrophysics l Observatory* 

The International Solar Union has lor some time been inter¬ 
ested in the establishment of an international standard scale of 
radiation* and pyrhcliomcters of varying types have been in uao 
at different observatories. The desire* however* for still another 
simple but accurate instrument seemed general s and the Institution 
has been gratified to learn that* by the use of the Abbot pyrheli- 
ometer, a more exact knowledge of solar radiation and the influence 
of the terrestrial atmosphere upon it have been promoted. 

Arrangements have been made whereby the Abbot pyradiometer 
is now in use in widely separated localities. Thera is one In the 
astronomical observatory established by Harvard College at Are- 
qnip&i Peru; another in the observatory at Tenerifle: and two have 
been sent to the minister of agriculture in Buenos Aires for meteoro¬ 
logical stations in Argentina. The Depart incut of Agriculture, the 
Bureau of Standards, and the United Stales Weather Bureau in 
Washington are supplied with the instruments; Prof. Chistom, of 
the Royal University of Naples, has installed one there, and the 
Imperial College of Science and Technology at South Kensington, 
London, has secured one. Prof. Yiolle, of the National Observatory 
of Arts and Craft*, Paris, was among the first to install one of the 
Abbot instruments, and one has hem sent to Dr. Hellmann, director 
of the Royal Prussian Meteorological Institute, Berlin. The Uni¬ 
versity of Toronto, Canada, the University of Wisconsin, and the 
Central Physical Observatory of St. Petersburg also have them, and 
inquiries from other institution* as to Ihe mode of securing them 
are frequent, so that the establishment of the desired internafional 
standard of estimating and recording the variations of solar radia¬ 
tion seems to have been already aided by the use of uniform instru¬ 
ments in many widely separated localities. 
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The distinguished specialists who form the committee on award 
for the examination of the memoirs submitted in the Hodgkins prize 
competition, announced in connection with the Congress on Tuber¬ 
culosis of 1908, have not yet submitted their decision. This delay 
is regretted by the Institution as sincerely ns by the competitors, but 
has seemed to be unavoidable as the largo number of papers pre¬ 
sented and their technical character mate it very difficult to render 
a prompt decision. 

Then, too, it is to be remembered that, according to the terms of 
the competition, the successful paper is to embody an original theory 
or discovery for the treatment of tuberculosis, not before published, 
a difficult task at a time when the attention of the medical world is 
so generally directed to the same subject. 

The Langley Memoir on Mechanical Flight, the publication of 
which by the Hodgkins fund of the Institution was unfortunately 
delayed by causes beyond the control of Lite Institution, was com¬ 
pleted just at the close of the fiscal year, as mentioned on another 
page. 

tt.YI ITI1SOXIAN TABLE AT NAPLES ZOOLOGICAL STATION. 

The Smithsonian Institution for 18 years past has maintained a 
table for the use of American biologists at the Naples Zoological 
Station. Exceptional opportunities are there afforded for the study 
of marine life, and it is believed that the cause of biological science 
has been thereby much advanced. 

The application of Dr, K. S, Williams, of Miami University, 
mentioned in the Secretary’s Report for 1310, was approved for 
March and April, 1311, Dr. Williams was chiefly occupied at 
Naples in ascertaining the rate of growth of recent encrusting 
organisms, especially bryozoans, with a view to the use of this 
information in researches on the Richmond division of the Ordo¬ 
vician period. The results thus far obtained by him he considers 
preliminary, and he proposes to continue the same research at some 
future time on a float anchored in the open sea. 

In addition to his work on the bryozoan fauna, Dr. Williams 
secured a representative collection of the jaw apparatus of the 
free-swimming annelids belonging to the Eunkudea and the 
Glycerides. 

The appointment of Dr, Sergius Morgulis, a Parker Traveling 
Fellow from Harvard for 1911, was approved for the Smithsonian 
seat at Naples for the months of May, June, and July of this year. 

I>r. C. W, Ilargitt, of Syracuse University, a Smithsonian ap¬ 
pointee at Naples for three months in 1903, was accorded a second 
occupancy during the present year. Several papers, among which 
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tnuv be mentioned “The Hydrotuedusae of the Bay of 
and * l Regeneration in Rhizostoma ptilmo," were published by Dr. 
Hargitt os ft result of bis former appointment, and a report of his 
Mork during the present year is now in hand- He mentions with 
appreciation the cordial welcome accorded him by the director and 
PtiitT of the laboratory, and the generosity with winch the facilities 
for his work were provided. 

Two papers embodying the result* of Dr. Hargilt's recent investi¬ 
gations have been completed since his term at Naples, end are rmw 
in course of publication in the Journal of Experimental Zoology. 

The application of Dr. Cb. Zekny, associate professor of zoology 
in the University of Illinois, was approved for one month’s occu¬ 
pancy, to cover port of June and July, 1011. No summary of die 
work accomplished during ibis period lias yet boon received from 

Dr. Zeleny. , 

When the same period is selected by more than one student tin: 
curliest application is considered first, the approval of the later ones 
becoming necessarily dependent on the ability of the station to pro¬ 
vide for more than one Smithsonian appointee at the same time. 

It should be added tlmt the obliging courtesy shown in this connec¬ 
tion to appointees of the Smilhsonian Institution by the director of 
the station often permits appointments to the seat which would 
otherwise be impracticable. 

Tim prompt and efficient aid of the advisory committee in examin¬ 
ing and reporting on applications for the table is still, os it lias al¬ 
ways been, of great service to the Institution and is very thoroughly 
appreciated. 

PUBLICATIONS. 

The Smithsonian Institution and Hs branches distributed during 
the past year nearly tiOO.OOO copies of their various publications. 
These were sent chielly to libraries and learned institutions through¬ 
out the world nnd to a limited list of specialists in the subjects 
discussed. It would be impracticable, without a very great increase 
in the size of the editions, to meet the popular demand for copies of 
Smithsonian publications. Iu the case, however, of the publications 
itsued by the Government bureaus under direction of the Institu¬ 
tion, which are printed under congressional appropriations, the law 
provides that they may ho purchased by all who desire them at a 
slight advance over the cost of printing by application to the Super¬ 
intendent of Documents. 

It is through its publications that the Smithsonian Institution per¬ 
forms one of its principal functions—the diffusion of knowledge. 
Two series of works are issued by the Institution proper at the ex¬ 
pense of the Smithsonian funds, namely, Smithsonian Contributions 
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to Knowledge, in quarto, and Smithsonian Miscellaneous Collections, 
in octavo form. The editions of llnae series are necessarily limited 
in number for distribution almost entirely to a carefully selected 
list of libraries throughout the world, where they may be readily 
consulted by students and investigators. There is also issued, nt the 
cost of Government appropriations, an annual report, in the general 
appendix of which is included a considerable number of papers, 
either original or selected from more or less inaccessible sources, 
reviewing the progress and present condition of the natural and 
physical sciences and other branches of human knowledge. Al¬ 
though the edition of the report is considerable, yet the supply is 
each year exhausted within a very short time after its publication. 

Contribution* to Kv&vsk-dgt.—Th e Langley Memoir on Mechanical 
Flight, referred to in my Inst report, had been put to press and was 
nearly ready for distribution at the dose of the fiscal year. This 
work forms u quarto volume of over 30G pages and a hundred plates. 
The memoir was in preparation at the time of Mr. Langley’s death 
in 1006 and purl of it had been written by him, bringing the work 
down lo May, 1806, the date of his demonstration that a machine 
heavier than nir could Iw made lo fly under its own power. The 
account of later experiments, from ISO" to 1003, was written by Mr. 
Charles M. Manly, who became Mr. Langley’s chief assistant in 1808. 

Misccllttru oit* Collection#.—Twenty papers on various subjects have 
been added to the series of Smithsouism Miscellaneous Collections, 
including descriptions of a number of new species of animals ob¬ 
tained bv the Smithsonian African expedition and the biological 
survey of the Panama Cam! Zone, and several papers, mentioned 
elsewhere, giving some results of my studies and field work in 
Cambrian geology and paleontology, besides an interesting paper 
by Dr. Ilrdiicka on his anthropological investigations in Peru. 

Smithsonian Tallce .—In connection with the system of meteoro¬ 
logical observations established by the Smithsonian Institution alsoot 
1850, a scries of meteorological tables was compiled by Dr. Arnold 
(tuyot at the* request of Secretary Henry, and the first edition was 
published in 1852. Though primarily designed for meteorological 
observers reporting to the Smithsonian Institution, the tables were 
so widely used by physicists that it seemed desirable to recast the 
entire work. It was decided to publish three separate sets of tables, 
each containing the latest knowledge in the field which it covered, 
hut together forming a homogeneous series. The first of the new 
series. Meteorological Tables, was published in 18113; the second, 
Geographical Tables, in 1804: and the third. Physical Tables, in 
1806, In 1009 another volume was added, so that the series now 
comprises: (a) Smithsonian Meteorological Tables, (ft) Smithsonian 
Geographical Tables, {<?} Smithsonian Physical Tables, and {'/) 
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Smithsonian MnLlmuJitical Tables. Each of these works bis hern 
published in revised edition^ with sueli corrections and additions 
as became nece^ury by the advance of scientific knowledge. 

The years that had elapsed since the publication of the first edi¬ 
tion of the Physical Tables in 1S9G had brought such changes in the 
material upon which these tables must be based that it became 
necessary to almost wholly recast the work for the fifth revised 
edition, which was published during lho past year, Tteccnt data and 
many new tables have lioen added, including several mathematical 
tables especially computed for this work* which forms a volume of 
about 350 pages* 

Opinions on Zoological Nomenclature *—As stated with some detail 
in my last report* the Institution cooperates with the International 
Commission on Zoological Noineudatnrc by providing clerical asslst- 
anee for its secretary and by the publication of the commissim/s 
opinions. llruiiig the past year tw o pamphlets were issued contain¬ 
ing opinions 1 to 25 and 20 to Sift, covering important questions of 
nomenclature that lmd been matters of ilist usi-ion among zoologists. 
In connection with the summary of each opinion there is printed a 
statement of the cave and the discussion thereon by members of I lies 
Loiimiis^ion, The rules to be followed in submitting cases fur 
opinion 1 ns laid dow n by the commission are ns follows: 

<11 Hje? cuimuEsslon does mm uisUcrtJtke to cin'L as a bibliographic *>r Eionm-ci- 
clu ! urtLl bureau, but rather as nn advlswr In comntcllijn with ibis more clUfkuh 
utu) dUnntcd irnsies of nome&cIiUurc. 

(2) All txuu?3 unaudited ohotjld foiy neecimtmijted by (a) n oonctau statement 
of liio point nt Issue, (Ij the full iirgimicuia on both aJdea In rmte a ilSFrutinl 
point E* fnroIvENl, nod (a completa and exact blbllampbli; cutervpctH to every 
bools or nrtlde hearing on iUo jioEnt at laHUO- 

The moro mtnptctc Lkr data when the enso la submitted tbo more promptly 
enn It foe Jictoil Upon. 

(Z) Of Herewith cases ttuhtnltted with Incomplete bibliographic reference* 
cati not be fitutl ini and miiet be returned by Hie comtnl^Enn to the gender. 

(41 Caweft ujurti whEch ail opkuJou is desired may ho nent le uuy member of 
the conuDtelotfo brt— 

(5) In order that ihe wtirk of tbo ceimnls&lou tuny bo coafiaed nn ejuoL as 
P« iWn to tbo mere difficult and tbo dtBpnu.il caw* It Js urged that zoolcgEsi* 
trttidy Hu? code and telUe for thtmrelvcs oh many mses as pos^tbie- 

Utirrimm Alaska jfffrfc#.—The Institution has received from Mrs + 
Edward H. Hurriman several thousand copies of volumes descrip¬ 
tive of the results of the llarrimitn expedition to Alaska in LStifl. 
The expedition was organized in cooperation with the ’Washington 
Academy of Science^ but entirely at the expense of Mr. Hardman. 
He invited as his guests 3 artists and 25 men of science represent¬ 
ing various branches of research, The expedition sailed from Seattle 


1 1 aim *hDuld tm frrwnrtfnl Is It* letffillTT of this tHimmliBion, Pr. cii. Wartlnll utti** 
tJ. S Dllltslt Ubormluty, WanbULtfN^ D H ^ 
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on Muy 30,1800, on & special steamer, and was gone about two tnontlis, 
vikdting the Aleutian Islands, Hie Pribilof Islands, nnd the Eskimo 
settlements on tits Asiatic and American shores. The journey was 
extended through Bering Strait and return, and covered ft,000 miles. 
Large and important collections were made of mammals, birds, 
insects, marine animals, fossil shells, nnd fossil plants. Studies were 
also made of the great glaciers and of the geological formations of 
the regions visited. The contents of thc^ volumes received by ilia 
Institution are enumerated by the editor in the appendix to the 
present report. The series consists of 11 volumes, printed and illus¬ 
trated in the best manner. These hooks, nmv known as the Ham- 
man Alaska Series of the Smithsonian Institution, have been dis¬ 
tributed. under special Smithsonian title pages, to a selected list of 
libraries throughout the world, the few copies of certain volumes 
remaining after such « distribution bring held fur sale in accordance 
■ with tine terms of (lie agreement. 

.Vifteum publication*,—The National Museum published its an¬ 
nual report, two volumes of proceedings and several bulletins, cover¬ 
ing the usual wide range of subjects, but chiefly pertaining fo zoology 
and botany. 

Ethnological pullicatiom. —The Bureau of American Ethnology 
issued several bulletins, including part 2 of the Handbook of Ameri¬ 
can Indians North of Mexico; part 1 of the Handbook of American 
Indian Languages; Antiquities of Central and Southeastern Mis¬ 
sissippi Valley; Antiquities of the Mesa Verde National Park, and 
bulletins on other ethnological subjects. 

Publication* of historical and patriotic societies .—Annual reports 
of the American Historical Association and the National Society of 
the Daughters of the American Revolution were ag usual commu¬ 
nicated to Congress in accordance with law. 

Advisory committee im printing and publication,—Tin committee 
on printing and publication bos continued to examine manuscripts 
proposed for publication by the branches of the Institution, and has 
considered various questions concerning public printing t md binding. 
Twenty-four meetings of the committee were held during tlie year 
und 115 manuscripts were passed upon. The personnel of the com¬ 
mittee is as follows; Dr. Frederick W. True, Assistant Secretary 
of the Smithsonian Institution, chairman; Mr. C. G, Abbot, Director 
of the Astrophysics! Observatory; Mr. W, I, Adams, disbursing 
officer of the Smithsonian Institution; Dr. Frank Baker, sujxirin- 
tendent of the National Zoological Park; Mr. A. Howard Clark, 
editor of the Smithsonian Institution: Mr. F. IV. Hodge, ethnologist 
in charge of the Bureau of American Ethnology; Dr. George P. 
Merrill, head curator of geology, United States National Museum; 
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nnd Dr. Leonhard Stejneger. head curator of biology. United States 
National Museum, 

Allotments for printing^-Th* allot menu to Lhe Institution and Sts 
branches under the head of i; Public printing and binding," during 
i he past fiscal year, aggregating $72,700, were, as fnr as practicable, 
expended prior to June 30. The allotments for the year ending June 
30,1012, aggregating $72,900, art as follows; 

F ot tltr SmVtliion Hm TnstilLH Scn, for piftotine and MndEttft asm tin I to* 

[mrlM iif tho BaimJ of IteSfentfl* witti ^ntitu] Li[i|>entlL3reFi —-— 

Fnr the mm nu I re^jrtu of the Nil Ilona 1 Mufieuus, with. ^raentS 
dSje.s nut 1 for prLatmif labels nml blanks anti for iho bulletins snid 
priH-i^liitp* of EJim Xntkmitf Museum, tLio iHjitlotis of ivhlirJi shall niie 
exceed caitli^ and biuiisng* in tuilf turkey or material not more 
csjionHive, KclaitLDc boekfi and pamiiliJcUi presrated to or NotiiiSrwf hf 

the National M^imi library---—-—— ftl.000 

For the him mil report* and bulletin* of the Bureau of Aioerlcmi EUi- 
nolfi^ elimI for mletenatieoiifi printing a Pd bJjulJni; for the btimiu__ _. 2i, ikh} 


For ml^o3liuiieouH printing and binding: 

tnli>mjitl®nh] tmhnnges-- ---—-■———4—,->■ 200 

Tntemiitfounl Cathlojfuo of Rckmtiac Literature-- 100 

Natimui I Zoological Fntk-— . ..—-—~-- 

Ant ropliyukm I Qbtfermtory_ - ™ ——-——----———- " J 00 

For i ha Kinniuil report of tlio American. lllMtoriiatl Asewlation-- 7„0QCl 


Tula I,__ ~ ____; • i ~ • m - ii > ’) ''' i f ~ i i 3J, tWK> 


LtllltART. 

The libraries of the Smithsonian Institution and, of its several 
branches show an increase of about IS,TOO volumes and pamphlets 
during the lost. year, being largely additions to the National Museum 
library and the Smithi&nian deposit in the Library of Con grass. 

During the lust five years improved methods and consolidation of 
work have been adopt <d in the interest of economy and efficiency, ns 
discussed by the Assistant Secretary in the appendix to this report. 

The library uf the Bureau of Ethnology tins been transferred from 
its former fpinriers in a rented building to the galleries of the main 
hall in the Smithsonian Building where it is much more con¬ 
venient for reference, though the books are still arranged on 
temporary wooden shelves. It is hoped that this hall, which was 
originally planned for library purposes, may in the near future be¬ 
come available for such use. It is proposed, if necessary funds be¬ 
come available, to remove the wooden galleries, stairways, win¬ 
dow sashes and frames, nnd book cases in this hall and substitute 
fireproof bookstacks, stairways, and windows. The new stacks 
and cases would accommodate the books belonging to the several 
bureaus under the direction of the Institution, Including a part of the 
library of the National Museum, which should be kept in a central 
location- They would also provide a safe place to a&emhlc the 
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Sttntbsomaw books constnnUy ust h] hy the bureaus, of which several 
thousand art 1 now scattered through various rooms in the Smith¬ 
sonian Building. 

LANGL8T MEMORIAL TABLET. 

The memorial tablet authorized by the Regents to be erected in 
the SmitJisoniim building commemorative of the aeronautical work 
of the lute Secretary Langley hug not yet been completed. A design 
for \ he tablet has, however,, been prepared and is under consideration 
by the committee appointed for the purpose, 

I NTLK N ATI ON AI * CON^tiES&ES AND 1 K MlfE RAT IONS, 

^ Ihe Inst it tic ion each year receives invitations to numerous acJcn- 
titic congresses and celebrations in the United .Stale® and abroad* 
hut as funds are not available for the expenses of delegates few nf 
these invitations ean Iks accepted. In some instances, however, U is 
possible to arrange for representation by collaborators of the Instb 
tut ion who are visiting the localities on official or private business. 

Congress of American —Dr. Ales Hnllirka was appointed rep¬ 
resentative of the Smithsonian Institution and the Notional Mu¬ 
seum and delegate on the part nf the United States at the second 
session of the Seventeenth Intel national Congress of Americanist, 
held in the Musro Naclonal, Mexico City, September 8 to 14, 1010. 
He presented «i account of his recent explorations in Peru, and also 
described the uncovering of an especially interesting sepulchre which 
he had been invited hy the Mexican authorities to open in the ancient 
ruins of San Juan Teotihuaeun* 

J be meeting was held in the Muses? Nacioaul, and was well at¬ 
tended, especioily by scientific men from the United States. 

T>r C. IT. Currier, of ^Vaaliington, was al$n designated delegate 
of the United States and o representative of the Smithsonian Insti¬ 
tution at the above congress. 

International American Scientific Congress.— Mr, Bailey Willis, ns 
delegate on the part of the Smithsonian Institution, attended the 
International Scientific Congress whifeh was held at Buenos Aires. 
Argentina, July 10 to July 25, ifilO. 

Geological Congress .—In August, 1910, the Eleventh International 
Geological Congress met in Stockholm. Dr. George F. Becker, of 
ihc United States Geological Survey, was a delegate on the part of 
the Mnithsonian Institution. The congress was more largely at* 
tended than any of its predecessors, and nothing could exceed the 
hospitality of its reception. The principal subjects of discussion 
were the distribution and extent of the iron ore deposits of the 
world, Cambrian paleontology, and the change of climate since the 
last maximum of glaciation. To all of these subjects painstaking 
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contributions were made from every quarter of the globe, and the 
publications of the congress contain the most authoritative exjiosi- 
tion of the present state of knowledge on these vital questions. 
Among the papers presented to the congress was one expressing my 
view on “ the abrupt appearance of the Cambrian fauna.” 

Zoological Congress* —The Seventh International Zoological Con¬ 
gress was held nt Gnus, Austria, in August, 1D10, The delegates on 
the part of the United Stales and the Smithsonian Institution and 
National Museum were Dr, IT. IT, Field, Dr. TV. R, Eellieott, Dr. Ch. 
TVardell Stiles, and Mr, Austin II, Chirk, About GOO members were 
present, nt this congress, of whom about GO were from the United 
States, Ibe majority of these representing scientific societies or educa¬ 
tional institutions. To facilitate its labors, the congress was divided 
into sections, each section representing a definite subject or group of 
subjects. Papers of general interest were rend in the Stephanien- 
salle, a large hull in the center of the city, while papers of more 
restricted scope were presented In the various lecture rooms of the 
university. Taken as a whole, the papers read were of n distinctly 
progressive nature, the authors, especially the younger ones, showing 
a marked disposition to depart from the time-honored and accepted 
lines of work and thought, and to approach their subjects from 
entirely new view points. 

Congress of Bibliography and Documentation— Mr. Paul Brackett, 
assistant librarian of the Institution, who was appointed a delegate 
to the International Congress of Bibliography and Documentation 
nt Brussels, AugusL S5 lo 27, 1910, attended the congress and B ub- 
m it ted a report on its proceedings, which is printed m the appendix. 

Cong few of Archivist# and Librarians .—An International Con¬ 
gress of Archivists and Librarians was held at Brussels August 2!) 
to 31, BUD, when the Institution was represented by Mr. Paul 
Brockett, whose report appears in the accompanying appendix. 

MISCELLANEOUS. 

Uatabtieh collection of fosnibt .—The Institution has secured from 
Dr. Gustav Hambach, of St. Louk, a collection of about 20.000 
sjieeiinens of fossil eeh inode rms and other animals, with more than 
100 types. Almost all the fossils were collected in the Mississippi 
Valley and are the choicest obtainable. The series of Blastoids, a 
group of fossil echinodcrms, is unique. The collection contains 
representatives of the various classes of animals, among which may 
bo mentioned many insects from the Cenosoic formation in Colorado; 
many specimens of Paleozoic fishes, including an especially inter¬ 
esting series of teeth and spines; a complete series of fossil sea- 
urchins; the jaws of a Carboniferous batraefainn over a foot lony. 
and of a mastodon. 
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CMtiCH fhotograpkl.—ThQ Institution has received a valuable 
sfitins of Jorge photographic negatives taken by Mr. Bailey Willis in 
connection with bis geological work in China. These photographs 
represent scenery, particularly landscapes in which the Iocs forma- 
tion is conspicuous, and also Chinese buildings, monuments, and the 
people themselves. The route of the expedition through the Prov¬ 
inces of Chihli, Shansi, and Shensi led through the district of the 
loess formation and some remote mountain regions of great interest 
:ind scenic beauty. Copies of many of these photographs havo been 
furniJicd at cost to various institutions for educational purposes* 


NATIONAL MUS E UML 

Tim most Important item of interest in connection with the Na¬ 
tional Museum during the year was the completion on June £0, Iftll, 
of all structural work on the new building, just sis years after the 
excavations for the foundation were commenced. On another page 
the Assistant Secretary in charge of the Museum mentions the very 
superior diameter of the building for museum purposes* It is mas¬ 
sive and imposing in appearance. It is well lighted. There is little 
mom that con not be utilized. More than one-half of the 10 acres 
of floor space Ls placet! at the service of the public in the interest of 
popular education, while the remaining spare is used for reserve col¬ 
lections Jm d laboratories of the scientific departments and divisions 
and for the maintenance of the building and the operation of the 
heating lighting, and ventilating plant. The greater part of the 
natureI-huftoiy collections, including ethnology, have been removed 
to the new structure? while in die old building spare is now afforded 
for the proper display of objects pertaining to the arts and indus¬ 
tries, including the collection illustrating the graphic arts and the art 
texture, and also for the large and interesting series illustrative of 
American history. Although there has as yet been no formal dedi¬ 
cation of the new building, the exhibition halls ure being opened to 
the public one after another as the reins I alia tion of the exhibits pro¬ 
gress, It is planned in the near future to admit visitors to the 
new building for a portion of the day at least, on Sundays in order 
Unit the people of Washington may bo afforded a long-desired op¬ 
portunity to study the national collections in their leisure hours. 

Tlie number of visitors to the new building during the year was 
151,112 and to the old building 907,010. * M 

The auditorium in the new building has been utilized for meetings 
of Yimous scientific bodies and important lecturets The First Amcri- 
cun International Humane Congress was held there from October 
10 to 15,1010, and in connection therewith an interesting exhibit was 
displayed. 

38734$k 11)11-.2 
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The accessions received by the Museum during the year include 
mere than 200,000 specimens of animsits and plants, besides 
specimens relating tn geology and paleontology, and about 17,000 
anthropological objects. To the National Gallery of Art were added 
f!4 paint mgs and engravings. In addition, al™t 1,600 objects of 
art ami anthropology were accepted by the Museum ns bans for ex- 
EiihitiOD. Among important accessions that merit special mention 
wits a collection of 3,400 ancient minia, 0,000 bones, and 1.500 archeo* 
ogi™I objects, gathered chiefly in Peru by Dr. Hrdlieka, as men- 
ioned on another page. Other interesting archeological objects were 
received from I ho ancient pueblos of Arizona and New Mexico. I*, 
sides a valuable series of skulls and skeletons from Arkansas and 
: "ri. ^Vboufc 50,000 specimens of mollusks, collected in Alaska 
■ v . r , 1 y llUn I! - Ml between Che years 1871 and 1800, were re¬ 
ceived during the year, together with many thousands of Japanese 
moliuslts from the Ittiperin! University of Japan. 

Many other interesting accessions of objects of zoology, botany 
geo "gy, and anthropology are referred to by the Assistant Scnrp. 
t»rv in his report. 

'Vn l ; Jll , 1 ! tm r T of ,h(l ^ nt?onal fblbry of Art, exhibited in the 
middle hall of tie new building, continue to attract much public 
attention. Mr. William T. Evans has added 13 canvases tn his 
notable gift, which now comprises 127 pictures, representine 90 
ramtanpornty Arnericnn pnintera. 

Mr. Charles L. Freer has also added a large ntimlwr of obiects of 
orient id art to Ins most important gift to the Nation, the entire collec¬ 
tion remaining, however, in his keeping at Detroit, Mich. 

The great exhibition halls of the new building will afford on 
portumty for the proper display of the national collections illustra¬ 
tive of natural history, and especially such large and striking objects 
as groups of mammals, skeletons of fossil vertebrate artimh and 
groups re presenting the habits and customs of the race of mank.nd 
The collections pertaining to the ethnology of America had increased 

**« •“> ..• 

The loan collection of laces and other art textiles has been lately 
increased numerically and in variety of contents ,inde r t} " S 
snperv^on of Mrs, Jamas W. Plnehot. who initiated the mo.jl 
1 lie Museum has continued the distribution of edWtionTof? ^ 
cate specimens to schools and collets throucliemi H 13 ° f 

tnbnlrt ..)-«>r..I atom ajoo dunJU, « ^ tl ™ d “- 

used in making exchanges. ^ specimens were 
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Considerable progress has been made in arranging the large 
quantities of natural-history specimens collected by the Smithsonian 
African expedition and tlie Smithsonian biological surrey of the 
I unnma Canal Aonie. Some of the African mammals of greatest 
public interest have been mounted in groups, 

BUREAU OF AMERICAN ETHNOLOGY, 

The Bureau of American Ethnology has .been engaged for a 
numlxT of years in scientific studies of the American aborigines, 
including their arts and industries, government, religious and soci¬ 
ological systems, and languages, as well as their mental and physical 
characteristics, their history, and antiquities. Much has been ac¬ 
complished in this direction, and many of the results have been 
pcimiincmlv recorded and disseminated by means of publication; 
but a large body of material still awaits final study and arrange^ 
ment, and much work remains to bo done both in the field and in the 
office 

The investigations of the bureau have* however, readied n j^tage 
at which it has been found possible to summarize some of the results 
in the form of handbooks, designed especially for the use of schools 
and im professional students. The demand for those already issued, 
or about to be published, is very large. Many changes ate taking 
place among the Indians, owing to their advance in civilization, and 
for that reason the researches are being pressed with all possible 
speed while knowledge of primitive conditions is still available. The 
Indians form one of the great races of mankind, and the world 
properly looks to our Government to gather and record accurate 
knowledge of this branch of the human family, while by muov the 
work of the Bureau of American Ethnology is regarded os the'bus is 
or Amcricaji history. 

One of the immediate demonds upon the bureau is vigorous activity 
in the exploration and preservation of antiquities, especially iii 
Arizona, Colorado, and New Mexico, before these important and 
most interesting ruins are entirely destroyed bv vandalism or the 
dements. 

Another important work that should speedily be undertaken is 
an ethnological study of the Indians and Eskimo of Alaska before 
the advent of greater numbers of white people shall have so modified 
them as to destroy their primitive character. So also there is need 
of further activity in the study of the few survivors of Indian tribes 
in the Middle West. 

The bureau has conducted various lines of field work among the 
tribes which composed the Creek Confederacy of the Southern 
btatesj the Tew a Indians of the Rio Grande Valiev, New Mexico; 
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till' Winnebago Indians of Wisconsin nod Nebraska ; the l*if>gnn T 
Hiuefcfect, Cheyenne, and Menominee Indians of the AJgonquiin 
family; the Chippewa Indians, especially with reference lo their 
(misic; the Osage Indians, now in Oklahoma, and the Iroquois in 
New York. 

A study of the past and present population of the Indians, with 
the various causes of their decrease is lieiug conducted. 

Some very interesting studies were made in Cuba, indicating that 
fin- western end of the island, including the Isle 0 f Pines, was once 
inhabited by a cave-dwelling people of low culture and without agri- 
culture. It is believed that these people were in that condition at 
the time of the visit of Columbus, and that they were the survivors of 
a cure-dwelling population once occupying all of Cuba and repre- 
rented in Porto llico and elsewhere in the West. Indies, 

The Smithsonian Institution, through its Bureau of American 
Ethnology in cooperation with the Ardutsokgica! Institute of Amer¬ 
ica, has carried on excavations in prehistoric cliff dwellings and 
pueblo rums in New Mexico. In one locality there dwellings extend 
along the walls, of a canyon for about 2 miles. In cooperation with 
the Colorado Cliff Dwellers 1 Association, the Institution excavated 
and repaired tint celebrated Balcony House in Colorado. Excava¬ 
tions have also been made in newly discovered cliff dwellings and 
other archeological remains in northwestern Arizona 


INTERNATIONAL EXCII A NOES. 

An idea of the magnitude of the work conducted by this brunch 
a the Institution may be obtained from the statement that *>&809S 
packages were handled during the year, an increase over the number 
for the preceding 12 months of 7,073. The weight of three pacWs 
was; 500,808 pounds, a gain of 70,124 pounds. P g 

The total available resources for carrying on this work were 
IKIm 0 ’ "Ph'-opriated by Congress, and 

f 4 *? 64,99 was deriTcd frora the exchange repayments to the Insti- 

tut ion. 

Several changes made during the year in the routine of the Ex- 
change Office have resulted in a more economical and efficient admin- 
istrmtion of the service. 

It was stated in the loM report that the, German authorities had 
under consideration the founding in Berlin of an establishment to 
promote cultural relations between Germany and the United State, 
and that one of its functions would be to conduct on hdmlf of Per 
many the international exchange of publications which the Smith 
soman Institution carries on for tho United States. This MatZ 
ment, which is known as the Amerika-Institut, was organized in tfl 
Jnll of 1W0 on,! lit oxchungc dolie, »,,, asi » m , 4 
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1,1W1. TJie exchange agency maintained by the Smithsonian Insti¬ 
tution in Leipzig was discontinued on the latter date. 

Packages for Luxemburg and Ron mania have heretofore l wen dis¬ 
tributed through the Leipzig agency. Since its discontinuance the 
Amenka-Tnstitut has been good enough to assume charge of the dis¬ 
tribution of packages in Luxemburg, and the Academia ltomanji at 
Bucharest bus been asked to act as the Roumanian exchange inter- 
mediary* 

The Japanese Government has transferred the exchange agency of 
that country from the Department of Foreign Affair to the Imperial 
Library nt Tokyo. The regular series of United States official docu¬ 
ments, which had been sent to the former for a number of years, has 
also been deposited in the Imperial Library, 

The Government of the United Provinces of Agra and Oudh, 
Allahabad, India, lifts, at its request, Iwen listed to receive a partial 
*et of United States official publications, the total number of such 
depositories being now 34, The number of depositories yf full sets of 
governmental documents remains the same as at the dose of last year 
namely, 55. 

The Governments of the Argentine Republic, Denmark, and Great 
Britain have entered into the immediate exchange of their parlia¬ 
mentary record during the post year, 20 countries now taking part 
in this exchange with the United States. 

Important collections of foreign publications have, through the 
efforts of the Exchange Office, been obtained during the past year 
for the Library of Congress and for several other establishments of 
the Government, 

NATIONAL ZOOLOGICAL PARK, 

The accessions to the Zoological Park during the past year were 
335 animals, and the mint number of animals on hand June 30, 1D1], 
was 1,4 M, representing 376 species of mammals, birds, and reptiles* 
about 20 species being new to the park. 

Among the important additions to the collections I may mention a 
pair of northern fur seals from Alaska, a hippopotamus, an East Af¬ 
rican buffalo, three prong horn antelopes, a pair of reindeer, and a 
«large A sialic macaque monkey. 

The number of visitors was 521,440, or a daily average of 1,423. 
As an indication of the educational value of the park, it may be men¬ 
tioned that it was visited by l<39 schools, classes, etc,, with 4,9GB 
pupils, itn increase of about a thousand over the venr preceding. 
While most of the classes were from the District of Columbia, sonm 
of them belonged in various parts of the country, including all the 
New England States, New York, Pennsylvania, and North Carolina. 
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The equipment of the Zoological Park, both an regards the accom¬ 
modations for the collections and facilities for visitors, in still in- 
adequate and is inferior to that of other establishments of the kind 
of equal importance. 

Many of the animals arc kept in temporary quarters that are in* 
sufficient in size, more or less insanitary, and quite costly to maintain. 
This is particularly true of the fine series of birds* which includes 
some of exceptional interest and rarity. The rough temporary build¬ 
ing in which they are now kept is too small for the exhibition of the 
entire collection and the conditions arc such that it is difficult to keep 
the birds in a good state of health. In a suitable structure the bird 
collection would be one of the most attractive features of the park. 

Permanent paddocks are also needed for the hardy deer, wild 
sheep, goats, and cattle, which are now scattered in temporary inclo- 
sores, some of them altogether unsuitable. 

A new bridge across Hock Creek is urgently needed to replace the 
present temporary log structure, and it should be of n permanent 
character and sufficiently wide to provide for the greatly increased 
travel when the valley of Hock Creek is fully developed. 

The roadways and walks in the park were greatly improved at the 
cost of a special appropriation for that purpose. Nearly a mile of 
tlm roads were treated either by reshaping and supplying a top layer 
of stone or by regrading and furnishing the entire thickness of road¬ 
bed metal. About 1 j miles of walks were also kid or repaired and steps 
were constructed wherte grades had before been too steep. A consid¬ 
erable amount of work was also done to provide proper drainage, 

ASTEOPHTSIGAL OBSERVATORY. 

The Astrophysics! Observatory has been engaged in three principal 
lines of work during the year. 

Observations by the spcetrobolometrie method were continued in 
order to confirm the view referred to in last Year’s report that the 
determinations of the intensity of the solar radiation outside the 
earth's atmosphere are independent of the observer’s altitude above 
sen level, provided the conditions are otherwise good. Observations 
for the ;i solar constant n were accordingly taken on Mount Whitney 
in the summer of 1910, where opportunity was afforded also for 
measurements of the brightness of the sky by day nnd by night, the 
influence of the water vapor on the sun’s spectrum, and the distribu¬ 
tion of the sun’s energy 1 spectrum outside the atmosphere. The re¬ 
sults of these observations show no discrepancy due to altitude be¬ 
tween Mount Wilson (G^ID feet) and Mount Whitney (14,502 feet). 

It Also seemed important to confirm by further observation the 
variability of the solar constant of radiation. Observations were ac¬ 
cordingly continued daily at Mount Wilson until November 10,1IU0. 
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and renewed again on June 11, 19JI, which lend to confirm the con¬ 
clusion that the sun's output of radiation varies from day to day in 
a manner irregular in period and quantity. Assurance seems now 
complete that this letter result will he tested during the next fiscal 
year by long-continued daily observations taken simultaneously at 
two widely separated stations, where the atmosphere is believed to be 
sped ally favorable for such research. The definite determination of 
the laws governing the apparent variability of the “solar constant” 
it is expected will be of much value in the probable forecast of 
di malic conditions from year to year. 

Measurements have also been made of tho transparency, for long 
wave radiation, of columns of air containing known quantities of 
water vapor. This line of research promises highly interesting results. 

As mentioned on another page, arrangements have been made with 
several observatories, widely separated through the world, for the 
use of the standard silver-disk secondary pyrheliomder designed by 
the director of the Smithsonian Astrophysical Observatory, It is 
hoped to thus secure not only uniformity of radiation measures, but 
also a more exact knowledge of solar radiation and tire influence of 
llie terrestrial atmosphere upon it. 

INTERNATIONAL CATALOGUE OF SCIENTIFIC 
LITERATURE. 

The International Catalogue of Scientific Literature publishes, 
through the cooperation of countries in all parts of the world, a 
current classified index to the literature of science. Seventeen volumes 
have been published annually, beginning with the literature of 1901. 
The organisation consists of a central bureau in London mid regional 
bureaus established in and supported by the 32 countries taking part 
in the enterprise. Supreme control of the catalogue is vested in an 
international convention, which met in London July, 1905, and July, 
1D10, ami is to meet every tenth year hereafter. The second inter¬ 
national convention met in London at the rooms of the Royal Society 
on July 12 and 13, 1910, and Mr, Leonard C. Gunnell, assistant in 
charge of the United States regional bureau, was sent by the Insti¬ 
tution as the delegate from the United States. The convention de¬ 
cided that on account of the success already achieved by the Interna¬ 
tional Catalogue and the grant importance of tha objects promoted, 
the enterprise would be continued. Attention was called to the ur¬ 
gent need of a permanent fund to aid in carrying on and extending 
the work. It was pointed out that although various regional bureaus 
for tho collection of motcrinl were supported by the countries in 
which they were located, the maintenance of the central bureau for 
general administration and actual publication of the IT aim uni vol¬ 
umes was dependent entirely on the funds derived from the sub- 
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scribe rs to the published volumes. Though every care hits been used 
to edit mid publish the work in the most economical way, the income 
of the central bureau has proved to be insufficient to meet current 
expenses and in addition pay interest on approximately $35,000 of 
borrowed capital. 

As a more detailed report of the work of the bureau and of the 
proceedings of the convention will be found in the appendix to this 
report, it will be sufficient here to call attention to the great value 
and importance of the work; and to say that it would be difficult to 
ibid an enterprise more deserving of endowment. A capital fund, 
yielding an annual income of from $5,000 to $10,000, would ratable 
(ho contra! bureau not only to broaden the scope of the catalogue 
but also to reduce the subscription price now charged for the annual 
volumes. This charge is $55 per year which, although not large 
when the amount of matter published is considered, is found to be 
fur beyond the means of many who would otherwise be glad to 
avail themselves of this important aid to scientific research. 

Tiie Smithsonian Institution has a peculiar interest in the Inter¬ 
national Catalogue, for the reason that the original idea was eon- 
reived by the first Secretary of the Institution in 1855, The Royal 
Society through its Catalogue of Scientific Papers Inter partly 
carried out Secretary Henry’s idea. Experience proved that the 
enterprise was too great for any one society, or, indeed, any one 
notion, to undertake, and the Smithsonian Institution, representing 
l tie United States, Joined in the movement to make the work 
international. 


The history of this international movement la briefly as follows: 
lie British foreign office iu 1804, at the instance of the Royal 
Society, requested the United States Government, through the De- 
pertinent of Slate, to send delegates to a conference to be held in 
London in 18&U. The matter was referred to the Smithsonian 
Tnsi itution, and the late Prof. Simon Newcomb and Dr. John S 
Billings were sent as delegates. The second conference was held in 
18SJW. and Dr, Cyrus Adler, librarian uf the Smithsonian Institution 
attended m a delegate. 


In 1SJ01. when success or failure depended on obtaining the eo- 
njicrLLtmn of the Unite! States in the enterprise, the Smithsonian 
Institution agreed to and did support a regional bureau from dmt 
time until lf)0C, when Congress made its first annual appropriation 
to carry on the work in this ecmntiy. It will thus be ** n i| iat in #jMh 
step the United States has, through the Smithsonian Institution been 
prominent in the movement, and it would be a matter of much 
gratification if now that the enterprise bps been so auspiciously 
started it could he further aided by an endowment fund originating 
in this country. b e 
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XECROLfXrY. 

Melvileos Wk&tgn Fuller. 

It beoomeg my duty to record here the death of Chief Justice Mel¬ 
ville Weston Fuller, Chancellor of the Smithsonian Institution, who 
wan born at Augusta, Maine, February 1I ? 1833, and died at his sum* 
mtr home, Sorrento, Maine, July 4, 1310. For 22 years prior to his 
death, Chief Justice Fuller hud been deeply interested in the welfare 
of the Institution, and only on one occasion was he absent from a 
meeting of the Rogflnts during the entire period of his service as u 
member of the board* 

During his long and useful life Justice Fuller served his country 
faithfully in several civil offices of trust and m Chief Justice of the 
Supreme Court of the United Suites. Hia achievements as u jurist 
were most adequately portrayed by the resolutions and eulogies pro¬ 
nounced in his memory at a meeting of members of the bar of the 
Supreme Court on December 10, 1310, and at the session of the 
Supreme Court on January 3, 1911. 

The Board of Begems of the Smithsonian Institution expressed 
their sorrow in the following words of tribute adopted at the annual 
meeting of the hoard on December 8, 1310: 

Whereas ibe Board tit Hi.‘gents of ttie Bntlthaofttfm Institution luivi* received 
the Had trite US pence of the death, on J'nljr 4, 1010, of Melville Weston Fuller, 
Chief Jaw lev of the Uni tod Since*, and for tweatydwo years dmittspllor of the 
Institution: Therefore be I t 

Ktsw/rcd, That we desire here to record our profound sorrow at the stovering 
of tJio ti e that bus bound ns to Id eh for so long si period of honored Ven ice ; 
tlLflt wo feel keenly the tuna of a Wine presiding olllcer, whose -Fast store of 
learning and gracious dignity have proved fo Invaluable Id Lhc deliberations 
of tills board, and whose loyal Interest In the SnilthKonJiin Institution lias been 
a son rev «f Inspiration to bis ooUcaguea 

Ite*6ive&> That we shore In the grief of the Nation nt the puss his away of 
L-ue who huh nt once n dlitHngnlfthcd leader of the greatest legal tribunal of 
our land, un eminent Jurist, a patriotic el 11 ion. a hLlUiIeij* ernmple of Christian 
gentlenoKfi, and who also possessed so charming ;t personality as a man and a a 
a friend. 

lteaQt**& f That we respectfully tender to the member* of the family of mit 
tote associate our Mnceiest sympathy la their great herearemnut 

JEofoJ&ed, That an engrossed copy of these resol nitons be transmitted to tho 
family of the latu chancellor. 

Respectfully submitted, 

Chahle& D. Wai-oott* Sewetaiy* 
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RETORT OX THE UNITED STATES NATIONAL MUSEUM* 

£ir: I have the honor to submit the following rcpurl on the operations of iLt- 
L’rilled Suites National Museum for Ike fiscal year eiidlojs Juno lio, llill: 

LTlMl l D.T10?( AND OCCUPATION Or Tilt NEW IIUltJHMO. 

It Eft gratifying to be able to report the completion of nil structural work on 
the new building for the Museum on Jane 20* 1011», Juflt all yearn utter the 
uidniitlmm for Hh fmnditlOP wfeif* eObUUertwL WJikEu the time limit orig¬ 
inally eotkfflaled was somewhat exceefllid on account of delays in the fiLllIltmcm 
of certain coucraclE, tho work was purposely conducted slowly hi order to 
Ins Lire entire si ability and permanency of eouELruotlon, which It Is Confided Jy 
hdtoved hovo been secured* TJlo building: is imlshIvo hud Imposing In appear¬ 
ance, a notable addLtLon to tho group of Government structures nt tho Capitol, 
and bus o I ready been proved to ho admirably adapted to the purposes fur 
which it WEis dv&LpLHL 

Thoro Is compani lively Little room In the hull ding that cud not bo HtfltniL 
Of the approximately 10 acre# of floor spaas wkfch It contain*, folly nn frlmlf 
has boon allotted to the public in lie Interest of popular education. Tho other 
half* after deducting tho area reel Hired for the maintenance and operation of the 
buildi dev 1ft assigned to tho storage of the reserve cutledloiia and to the Inborn 
torEos, The occupation of tho bn Ltd lug did not await Us dual cufliptetion, but 
was begun during tbs summer of 1£KH), nod has been continued us rapidly as 
Ihe mL-ce^ry furniture could bo provided. 

The work done on and In connection with the building during tost year com¬ 
prised the hiiEshlng of the rotunda, tho BtmUi approaches. and the auditorium; 
tho painting of Uie Interior plastered walls and ironwork; nod, under the 
direction of the ollicer la charge of public buildings and grounds, tho grading 
and godding of the grounds Immediately ftummndLug the building and tho 
Construction of teas da and walks leading to tho several cntranc«L 

Hy the cioftu of the year essentially all of the reserve collections nud alt of 
tho Laboratories of the several dlvtsUms of anthropology, zoology, geology, and 
paleontology hud been established In the new building, as bad also moat of 
the administrative o (flees which are to be located there. The collections bed, 
moreover, been nearly all arranged In a manner convenient for study nud 
reference and in greater part had received their permanent systematic luftlnlEa- 
tloiL Much maim to be done* however. In jnerfeetlng tiifot arrangement acid 
In completing the catalogues and Indexes. 

The exhibition col lections had also been moved w-Lth the exception of the 
American mammals the birds, the marine invertebrate the oateoloflcul toeeb 
BWHB, the fossil plants, I he building stones. The gems, and n small seel Ion of 
ethnology. The only poblie Installattoim that bad been completed lu the new 
hut [ding, besides tbo pn lutings of the Nat Komi I Gutter? of Art, were, however 
of ethnology, which occupied tho sides nud ends of ihe middle hall on ihe 
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me Bn floor, and most of the two adjacent ranges. To those Mils In greater or 
less part the public had been admitted from March 17* 1S10. when Lin* hull ding 
was first opcn^l Work was actively progressing lu the preparallQtt of the 
exhibit* for nil of the other braodus. the delays being due in Iqj^ measure 
to the slow rate tit which furniture was supplied, and bad been well advanced 
for archeology; minorttlogy, nnd the fossil vertebrates 

Acnmoxs to Trie couJccrtOMS. 

The iH'rmntieiit nctpilkhionn received during the year comprised upproxb 
out Lely Kpedmeii* and objects, of which 201^^40 were of nafnuihs and 

plains, il.frJT were ireoTuifiiMd and paleontological, I+.ftiii Mous'd t■< the sevemi 
dhlahma Included lu the department of notbropolei^; iltliJ. bl were pulnlEugB 
uud engruvJugH presented to the National (Sqltiery of Art, In addition, UJ2& 
objects of art and nnihropoiogy were accepted as loans for exhibit Ion. 

One of the most important Acceralana of the year rennlted from an Investi¬ 
gation hi Argentina, conducted imfier the misfires of Lhu Sniltb^onlati Insti¬ 
tution by Dr. A lew JlrdLk'khi, curator of physical anthropology, partly io con- 
Junction with Mr. Holley wsitte us geologist for ihe purpose of dct>Tuiltiiug 
I ho nature and value of the evidence relating to man's antlqnlty In that 
country. The skeletal and archeological nrsuihis attributed to early men ur 
his forerunners preserved in the mufletfins were sludleih the more Lhipormt 
localities where such remains have tieen discovered were visited, and on the 
journey to and from Argentina short Btopti were mode In Brazil, Peru, 
Panama, and Mexico, Some 3,400 ancient crania, 0,000 long uud other bangs, 
end J.500 archeological objects of human manufacture composed the eallee* 
tlon brought te Washington, A large number of prehistoric utensils, Im¬ 
plements. ornaments, examples of weaving, etc^ obtained by Dr. J. IV, Fewkre 
during exraviLtlons In the Nnmbo National Monument and at she ancient, 
Ifopl pueblo of Wukuki at Black Falla, 1 ill tie Colorado Izlier, Aria,* were 
transfer real by the Bureau of American Ethnology Collections of n simitar 
character* but Including ancient human crania nnd skeletons, from the north- 
cnBtern pueblo region of New Mexico, were revolved from the School of 
American Arehe&alogT of the Arefaasologlcnl Institute of America* nt Santa Fe, 
and a valuable series of skulls nnd skeletons from Arkansas and Mississippi 
was presented by Mr Clarence B, Moore. 

Two kit cresting ethnological lUllETUonp, one from Liberia the other from 
Abyssinia* were lent for exhibition by Mr, Henrgo W. KSltfik Jr., and Mr. Iloff- 
iiLUii I'li L tip, respectively, and a number of speclmena relating to ihe I ml lu an 
of North America were acquired by gift nod purchase. 

The flnnl fdjlpmeuis from the Smithsonian African expedlttom which arrived 
Ln the early part of the year, contained several thousand specimens of nmuimais, 
birds; reptiles, fishes, nnd molluska. The notable collection of mammals 
belonging to Dr. F. Hart MerrEam nnd constating of about 5,800 skin*, d.000 
skull a, and 100 complete skeletons, was secured through the general ty of Mr*. 
Edward H- Ffnriimiiu, of New Turk, by whom Et was purchased and donated 
to the fnKtlltiUGn. The other principal siddllluiiH of mnnamFila were from 
British East Africa, Abyssinia* and China; while of birds the more Important 
contributions were from North and Central Amend, the Philippine Islands, 
and China, The United Stabs Biological Surrey and the United stmt* 
Bureau of Fisheries transmitted many reptiles from various tsnrta of the 
United States ntul Mexico, and the latter also an Interesting mrlen from the 
Philippines. Tiie fishes received were mainly from explorations by the Bureau 
of Fisheries; In the eastern part of the United States, Large numbers of 


2S ANNUAL EEPOKP SAflTUSONlAK INSTITUTION, 1011* 

Insects were deposited by the Bqntu of Eutotiiulogy, and Important collect Ion* 
tif hymonjoptc-m were presetted by Mr, S. A. Itohwer nod Mr, P. 3L My era. 

An especially mde worthy aceeatJcHL consisted of tho collection of umlutsks 
made III Alaska by l>r, William II, Hall white In the flald for the United 
Suites 0»it ntui Geodetic Surrey, nod Inter for the UiiUed State* Geological 
Surrey, between 1ST! uud 1SG9. It comprises About lot* nod 00,000 

specimen^ and te undoubtedly the largest: collection pf the shells of moderate 
depths of water that luia ever been n^mblcd from that region- Another 
eittnske Lvutrlbutlon of ttiolluskB, ^jouptetltif? of many thousands of Japanese 
spscim^ns, wag obtained from the Imperii) University of Tokyo, Important 
lyia? collections* recently described. of Isoe**! crustaceans, mednm llydrolda. 
elohI ftlphoimpboreH, fram exptamtteno by the steamer AZ&flfra*# In the Pacific 
Oe^in and nt the Philippine Islands, were imjp-ferred by the Bureau of 
Fineries. DeeaiNJd cmrtaeeaM. representing a large number of Epedea, werp 
recehM from the? Indian Museum at Caleuttn l many lAjpnds from several 
French exploration*, Including the Charcot expedition to the An to retie Oram* 
wera obtained fram ibe Mn*gum d’HIslotte Natural! i» at Par Is: and an Inters 
estlng Borioa of recent rrlnolds was secured frwm the Zoological Museum at 
Copenhagen. 

The collection of plants was Increased by over 33,000 spactmeufl, of wldeh 
the largi^t coni ributIons wore from the biological survey of the Panama Canal 
Zone and the Detriment ef Afalrsiltmr. though mtaiy rti^eelm^ns were* obtulDBd 
trim* Iho Bureau of FlsluTies, anil by gift and exchange, On the biologies 1 
stmiey of the Canal Zone, which Is being earned on under the auspices of tlie 
H million inn rnutS(uiIon, lhe Museum whs represemed during the year by otie 
member of Its staff. Ml IV. H. Msxon r fisatohLfif curator of phmla Mr, Maxcm 
h-pent about two and Onfrlmlf mouths in the Held, working tn eonjnucHon wlib 
Mr. Henry PI tiler, who Is in ckfli-Ke of the botualral iureMIgaUona. and In 
view of I he richness of the region the expiation yle liled exceed in-ly Important 
resmlla Ur, J r N. Rose, maocliite curator of plants, and Dr* Paul Ihirtsetk, 
rnttlBicmt curator of iimllast*. wore member* of nn ex Edition hy the Bureau 
of Fisheries steamer Aftr<Urf&*, which visited Guadi! loupe I stead, proceeded 
down the outer const of Lower California ami nflcenrled the Golf of California 
fur a comd durable dlalnuee. Valuable serEeg of marine animate and of plant* 
wtre secured, the former nnwily by mean* of dredging, the latter eluting 
sftops uande along the t-oart. 

The OOTsslonB in geology and mineralogy from the Geological Survey and 
(Klur smi r, v* eoulnEncd much lute ratine mnlcKnl and a number of f>j*e 
specimens. Uhi|iecially Lmjiormnt wen? several ty;ie Berios of Cambrian fnwdlB 
described by Df. Cluirles D Walcott. nm\ Included lu the noteworthy discover!*! 
rasultlng from bis recent ^plontcions lo British Galumbbu ItivcitlpitluiiS lu 
Ef^ilurky ami Timne^v by Dr, U. S. Ite^Eer and Mr, Frank Si.rEuger vklded 
valuable ceUtvHons of SSlturJan and tflHtasfpptah fosHll«. Tn vertebrate 
pateontolo^y the more importsat addltlotm ccnsteted of momma linn and m- 
flllflu mmilns ohinlned la cxclmnge. 

All Intf rtwiinj? tesHu «f «rt)di» of nickel protlnwl ^y tie late Joseph mar- 
ton, of I’bllndclpbia, who was rccognla-,1 nn Lhu leader In Ihc tecbnology ,.f 

this metal, was revived os a *..on from the e*«ntor» of his estate 

This collection, whteh Iwd boon [.r^netl bj- M r . Wharton J n a cabinet at bu 
hoiof, comiiriwa oTt-r TO pieces, LnclndLng pure nickel in Kcvemi 
[iiul Ooor trimmings, hottsohold ntnnslls, forwiw, TiininujtTc nooOies, colnacv 
btenkrt, etc., and Is of much historical value 

The historical collection wn* greatly sertched. nmin]* by Im.nj, nnil bT 
extending the exhibition s|mcc Into « s«ottl ball, Its itataJintlon bun bw wu! 
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improved, Fienr Admiral K. B. Poary* United tittle* Navy, retired, deposited 
ihe many medals ™jferred upon him by Viirlous geographical Eocletles In rec¬ 
ognition of bis service to selannt In arctic exploration; the si h er umdei of a 
skip and three loving cup* presented to him* and livn of the flag* that ha 
carried to the North polo in JU$; nil of which have been nrhinged together la 
a single case. Important additions to the collection of memorials of the 
linlioy-Myers-Moson family were received from Mrs* Julian James; valuable 
memorials of the Salter and Oodvlse families of coloniiit and revolutionary 
Now York and New Jerney wi« lent by MM liaise Saber Cod wise: and later- 
eating relics of the Sfehench family of New Jersey dating back three generations 
wore contributed by Dr. dura 3. Ludlow, The Gustav lis Vasa Fox collection 
of Russian memorials was materially Increased* and 11 pieces of furniture 
thru once belonged ie> Gm Bufus Putnam ware received ns a gift from bln 
great grandson, the late Judge H. M. I p _ Briefer, An Inhaler of the type used 
by Dr* William T. Cl, Morton in J&4(\. in the IS rat operation which he performs I 
with the use of ether an mi anesthetic* nod two busts of Dr + Morton wore 
preflea bed, 

NATIONAL BALIJUtV OK ABT + 

The pain tin gn of the National Gallery of Art continue to bo exhibited in the 
largo middle hall of the new building, the central part of which was specially 
£Ltc ih t tip for the purpose In IPHX While these quarters are already too n> 
fltrlctud fur the nertbi vt ihe Gallery, the excellent lighting of thin epuce makes 
IKH&IMc an eatl rely aaliafactory Installation, which bus attracted much 
attention* 

Mr. William T. Evans, of New York, added 1R canvases to h!& notable collec¬ 
tion of the wnrka of cootemporary American jwi inters which now comprises 12fi 
picture* representing 00 art! si a. Mr. Evans also presented ffl examples of a 
flerM of JOO proofs designed to Illustrate the work of the foremost American 
wood engravers, which ho announced bo me time ago his Intention to contribute. 
Sir. Charles L, Freer, whoso Important gift to the Nation of American and ori¬ 
ental art still remains to h£> keeping at Detroit, Mich., m ured many valuable 
additions for Ids collect km during nn extended trip abroad* much of which was 
spent In China. The Gallery was fortunate In obtaining Severnk Interesting 
loaua, Including numerous examples of the paintings of early master*, and 
contributed to a number of Important exhibitions held In other cities. 

AST TTXTiT.Etf. 

The loan collect ton of Inert* and other art textiles, which occupies one of the 
northern nmges In the older Museum building, was very largely litereared 
both numerically find In the variety of Its contents, Thirty-two loan contri¬ 
butions and three gifts, comprising 240 specimens, many of garni beauty and 
value, brought tike total number of specimens on exhibition up to 1 J HIT. The 
supervision of the collection has been con tinned by Mrs. James \V, Plncbot, 
to whose Initiative and subsflqiieut efforts* with the active cooperation of n 
number of ladle?* of Washington, the movement owes Mn racoeea 

MruoidXAZixoua. 

Of duplIrate specimens taken from the collections, over AftfMh principally ^bf 
recent animals and fossils, were distributed to schools and colleges, and about 
23/jOO were uml In making exchange Ar^raxUnately 24£00 specimen* of 
various kinds wore sent for study to specialists both In thin country and abroad, 
mainly to be worked up and Identified for the Museum. 
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The Ict-il number of visitors to tlie older Mukudi Uni Id his wnu 20? >010, to 
the BmlthBonEun bulldS us lCT$$5 h and to the new Hu scum building 151.112. 
Cod bEi] or I tig tbnt die build Inge ha ve boon ripened only during working hours 
on week days* this Is to be regarded as a fnlr attendance, Thai It was smallest 
at Ulg mm building was owing to the fuel that less than onoftlxth of ib@ 
exhibition space bad been made ready for the public. 

The publications Issued comprised t he annual report for 11)10, I wo volumes 
of rmceedln gs, five bulletins; one volume of CoatrShut Ions from the National 
Herbarium, end a largo number of separate papers belonging to three unfin¬ 
ished volumes of Proceedings and two of Contributions With tlic exception 
of the ann uni report, nil were descriptive of material In the .Museum col lections. 
Thn number of copies of the vnHona publications distributed was over TlO.OOfc 

By the addition of 0,127 boohs, |miupbletm and periodicals; the Museum 
library was Increased tu 40,211 volume* and 0G,Q74 unbound pLibliaitloua. 

The auditorium In (be new building was used on several oecaalone for meet¬ 
ings of important eclentlflc bodies. The sessions of the First American inter- 
nnllonat Humane Congress, In connection with which an Interesting exhibit 
wee loHtulled, were also held here from October 10 to If*. 1010. 

The position of head curator of the department of biology T uhi do vacant by 
the designation of Dr. F. W. True as an Assistant Secretary of tb^ InstliiitJmi 
tui June 1. was filled by the api^ltitment of Or. Leonhard Stejneger, curator 
of reptiles and batrachlniii For convenience of adinlnltitTEitlon t the divisions 
of Invertebrate paleontology.* vertebrate paleontology, and paleobotany were 
combined, under the title of section^ in a single division of paleontology., with 
Dr, B. B. Bnsaler ns curator, 

IteSjwtfuIJy FubmIltCtS, 

RnuiAsn ItATimDN, 

Attilfotnt fitigrttary in Charge, U, Notional Museum. 

Dr, Chahlz* t>, Wixmrr, 

tfeerufary of the Rmithi lento* tiuttlmitom. 

Kov£,ujrna IS, 1011. 
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REPORT ON THE BUREAU OF AMERICAN ETHNOLOGY. 

Sim: l have the honor iu present the following report on lhe or*?ration* of th<5 
Bureau of American Ethnology during the tlBc^kl year ending Jtme 30* 193 I T con¬ 
ducted In aeconhmra whh the provisions of the act of Congress approved Jnno 
S5i IWIO, authorizing the continuation of ethnological reswdltt among the 
Atnericm) Indians nnd the natives of Hawaii, under the direction of the Smith¬ 
sonian Institution, Ri^il Sn accordance with lho plan of operation* approved by 
the Secretary June 15, 1910. 

The systematic ethnological rcsearchesi nf the hurean wore eon l loan I during 
Ehe year with the regular scientific ate,If, consisting of nine ethnologist*, a* 
follows; air. F, W. Hodge, ethnologist Ld charge; Mr. James Mooney, Dr. 
1- Walter Fewkes, Mrs. Matilda Cose Stevenson, Mr J. X. B. Tfcwiit, Dr. John R. 
Swatiton, Dr, Truman .MlchM^nn, Dr, Paul Ratlin, and Mr, Franc!* Ln Resche, 
In addition the services of several ■pscftvUsfct In their respective fields wore 
enlisted for special werk 1 a a follow*: 

Dr, Franz Bobs, honorary philologist, with several a^dsiiints. for research Ln 
connection with the preparation and pnfol lent kin of tin? Handbook of American 
Indian Languages 

Mi*# Alice C, Fletcher and Sir. Fraud* La Flrwrhu, for the Anal revision of 
the proafii of their monograph on the Omaha Indians for pabllaatiw ra the 
twenty-seventh annual report. 

Mies Frances Denumorc. for researches fn Indian music. 

Mr* J. P. Dimn H for simile* of the tribes of the Middle West 

Mr. John F. Barrington, for researches among the Mohave Indians ef rhe 
Colorado Valley. 

Rev, Dr. George p, Douehoo, for fnrestlgn thrift In the history, geography, umi 
ethnology of the tribes of PenosylrniiLa for Incorporation In the Handbook of 
American India ok 

Mr. W 111 lam RL Gerard + for studies of the etymology of AlgonQtiJntl piece 
and tribal names and of terms that Imve been Incorporated in the English 
language for use in the same work. 

Prof. IL M RjUIchi, for bibliographic research In connection with the ram- 
pl Inti on of the List of Works Relating to Hawaii. 

Mr. James R. Mario, for researches pertaining to the ethnology of the Pawnee 
Indians. 

The ovTjtemntier eOsm-lo^iral research^* by members of the regular Graft of 
fbe bureau may be sumrmirTEed as follows: 

Mr. F. W. Hodge, ethnologist in charge* \n addition to ctHiiltKtfQg the admin- 
Isi native work }f the bureau* devoted a (tint ion. with the ossi* tunc* of Mrs. 
Frauces S. NEeliols, to the final revision of the remaining proof* *;f Fart 2 of tbs 
Handbook of American Indians i Bulletin BO), which wns published tn January, 
1911. TTifs work met with such great popular demand that the edition of 
the two pnris became exhausted Immediately after puhllcEtfon, causing the 
bureau much embarrassment owing to the thousands of requests ihnt it has 
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not frwn possible to supply. To meet tilts need 3 el port the Semite, on May 12, 
adopted a ctim.-utrent resolution authorising t±wT reprinting of the entire hand¬ 
book, mid i31 the done of the fiscal year the renal u lion wn* under eon Bide rut I on 
by the Commit toe on Printing of the Rouse of Representatives. The Superin¬ 
tendent of Documents lias likewise been In receipt of many order* for the work, 
uee&fcdtinJug the reprinting of part 1 seme months after Its appearance^ anil 
abnut tho close of the Jlgcut year another reprint of Oils purl wan cantemphitftl. 
Muck material for Lncorponttlon in a revised edition for future publication was 
prepared during the year, but lack of funds necessary for the employ men t of 
special assistants prevented die prosecution of this w*<rk tin futlj as w r us desired. 

The bureau bus been Interested In and Luis conducted ureheologtoi] explorii- 
dons In the Pueblo mrlou of New Mexico and Arl&ottu for many year* .since 
the cstaLUsliineiit of the School of American Archaeology In l!)07, following the 
revival of Interest In Amerldm ureheclogy, by the Arcluwloglail Institute of 
Amfrrlm, that lady likewise commenced uystomatic work la the archeology of 
that great region. In order to avoid duplication of effort, armugementJi were 
inn do between Clio bureau and tin school for conducting archeological IpvvsiLrio 
lions In coupon* t Inn. the expenso of the Geld work to be borne equally, a moiety 
of the coUectloue of the urtiThcbs and all the skeletal remain* to become the 
properly of Hie National Museum, and the bureau to have the privilege of the 
publication of all scientific results. 

Active work under this Joint arrangement w as commenced In the Kite do los 
FrJJole^ northwest of Santa Ft. New Mexico, In July. 1010* work having 
already been lull I el ted there during the previous .summer by the »ihooj Inde¬ 
pendently, tinder the directorship of Dr. Edgar I* He wet t, In August, mo, 
Mr. Hodge visited New Mexico for the purpose of participating In the work on 
the part of the bureau, nnd remained In the Held for a month* 

The gnat prehistoric site Lit the Ritu do lbs FrSJoles Is din motorized by an 
immense circular usniy-eelled pueblo ruin, most of I bo stone walls of which 
are still standing to a heighL of several feel, and a series of curate dwellings 
hewn in the Jsoft talk throughout several hundred yards of the northern wall 
of the canyon. AiYomimftylng tbo great community min mid also the curate 
dwellings are underground Ideas, or ceremonial chambers* fn frent of the 
cava to bwlges were originally structure® of masonry built against Hie cliff and 
forming front rooms, but practically the only remain** of these are the foundu- 
tlun walls rsnil the rafter hole* In the cllfT free* The debris covering these 
structures 1ms been largely cleared away and the foundations exposed, ft ud the 
walls of about two.third* of the groat pueblo structure in the valley im Ve been 
bared by excavation. At Che western extremity of the canyuu, far up Lit die 
northern wall* Ik u muuml chvcrn, koowti as CXTOmonliil Cave, in w ^eh lire a 
hit** klva* remarkably well preserv e, oml other Interesting n mains of abotlg. 
iCLfll ooeupaucy. This great archeological site In the Rlto de los Frtjole* be 
import nut to the dneldutlou of the problem of the early distribution of the 
Pueblos of the Rio Grturfe Valley, and there t& reason to believe thaL when 
the resonrehe* ore completed niueh light will tm shed thereon. There Is n 
paucity of artifacts in the Midi all on* imeovered, tsldo from stone Implements* 
of which la rge nuiubera have beun fuurnl 

At the close of the work in the Elio do ]o* Frljoles the joint expedition pro. 
eroded to the valley of the James Elver, near the Hor Springs, where a week 
wtia spent In excavating the cemetery of the old Jemos village of Glushra 
About BO burls Is wore disinterred here* nnd u few accompaniments of pottery 
tk^oIs and other artifact* were i’wnraed : but la the main the deposit* hnd 
been completely destroyed by ahorlglnjil disturbance, mused t» part by cover 
lug the burials with heavy stoat* and pntfly by displacing the skeletons pro- 
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vioiisly buried wiion stihiwtiucct InLertm-tlts wen* made. (riuslwa w:u» inhabited 
in prehistoric Mint* and also well within the historical period, ns in attested 
Dy Uh massive, roofless churvh, bn Jit about the beginning of the seventeenth 
century. Nevertheless, no indication of Spanish influence was found in the 
ancient cemetery, amt It Is assumed Mint burial therein ceased with the com¬ 
ing of tip mission^ rlw nod the establishment of the compo sun to adjacent to the 
church. All collectionsgathered at (riuslwa hove been deposited In the National 
Museum. 

Other Immense ruins on the summit a of the mesas bounding the vat Icy vn the 
west were era mined with the view of their future excnvntton. The exact posi¬ 
tion of the Jem ess tribe among the Pueblo peoploe is a problem, and both 
archeological nnd ethnological studies thereof are essential to Its determination. 

On completing this rcctumii[usance escarniion wus conducted in a eemebexy at 
the great stone pueblo of 1‘uye, on a lues# f| miles west of the T«wa village of 
Santa Clam, About So burials were exhumed and sent to the National Museum, 
but artifacts were not found In abundance be re. and its a ruio they are uot ex¬ 
cellent in quality. In the Joint work in the RUo de los Frljnlen the i»» | HM |ltlop 
was fortunate in having the coojiemtlon of Prof. Junius Henderson and Prof. 
W. VY. Robbins, of the University of Colorado ot Boulder, who, rcstvetlvely. 
while! the excavations were In progress, conducted studios in the etlino-zootocy 
and Mm ethno-botnny of the Town ItuUnna, and also on the influence nf climate 
nnd geology on the life of the early inhabitants of the RUo dc los Frijoles. At 
the some time Mr. J. P. Harrington continued his rest*relies In Town geo- 
grephle tunuirni-hunre and cooperated with Professors Tlcndetntm and Unlibln^ In 
supplying the native terms for plants and ulmals used by these Indiana as 
food and medicine In ceremonies and for other purpose*. The expedition was 
sIfo fortunate in haring the services of Mr, Sylvnnua Q. Morlcy In connection 
with the excavations In the HI to, of Mr, K. M. Chapman In the study of Urn 
decoration of the pottery and of the plctographs of (be entire upper Rio Ore ode 
region, of Mr, Jesse h Nasbuum In the photographic work, and of Mr. .T. P. 
Adams In the surveying. Valued old was also rendered by Messrs. Noll M. Judd, 
Donald Beauregard, «nd Nathan Goldsmith. 

The scientific results of the Joint research are rapidly nearing completion and 
will be submitted to the bureau for publication at an early dote. 

Throughout almost the entire year Mr, James Mooney, ethnologist, wns oc 
cup led In the office In compiling the material for his study of Indian population 
covering the whole territory north of Mexico from the first white occupancy 
to the present time. By request of the Nehru ska State Historical Society lie 
was detailed In Jauunry, 1911, to attend the Joint erosion of that body and the 
Mississippi Valley Historical AMoeinthm, at Lincoln, Nebraska, where he do 
liven'd three principal addresses hearing particularly on the method nnd result* 
of the rararrluw of the blWMii with the view of their application in local his 
torEcnt jiiid rtfaiiologicftl Ihvc^eIkziI l> iiik. 

On June 4 Mr. Mooney started for the reservation of the Kant Cherokee In 
North Carolina to continue former studies of the sacred formula a nnd general 
ethnology of that tribe, and was engaged In this work at the dose of the month. 

At the beginning of the flees L year Dr j. Walter Uowkes, ethnologist, wns In 
northern Arirooit examining the unset cave pueblos nnd other ruins within 
the Nava bo National Monument. Ho found that since his visit In ISWi con¬ 
siderable extra ration had been done by others In the rooms of IfelRtnktu. nnd 
that the walls of Kltsfel, the other largo Cliff rnln, won- greatly In need of re- 
lair, tinkled by resident Nnvaho, he visited several hitherto unrie&'rltusi cliff 
dwell Inge nnd gathered n felrly good collection of objects illustrating prehistoric 
culture of thin pun of nerthern Arizona. which have been deposited In the 
3fi7Rt*—an put- n 
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Natkmll Museum, In order In fmrlltate the archeological work and to make thr 
region accessible to studento find visitors II was ueccssfiry to bmik tt wagon road 
from Marsh Pass through the middle of the Xnvaho Nri Ilona 1 Monument to the 
neighborhood of Betataklii, and by this means the valley wns traversed with 
wagons for the first time. 

On the return Journey to Flagstaff* Dr. Fowfcejt vlalted the nil m In Mist, or 
West Canyon, and examined Inscription House. a prehistoric cliff dwell Ini? of 
considerable bSio, hitherto umte^rllniL the walls of which are built of loaf- 
Hhnped adobes- strengthened with sticky On account of the size and great 
Interest of these ruins* 1 1 Ik recommended Ltuit the aren covered thereby he 
Included In the Nnvaho National Monument and tho mTna iwrnmnently pre¬ 
served. nnd that either Betatakln or Klislet he excavated* repaired, and made 
a “type min" of this culture area. Along the mad to Flagstaff from West 
Canyon. Dr. Fewkcs observed Eevetnl nil ns and learned of many others 
ascribed to the undent IIopL He visited the Hop! pnebto of Moehkoph near 
Tuba, find obtained considerable new ethnological mater ini from tm aid priest 
of that village regarding legend* of the dam that formerly lived In northern 
Arizona. He learned also of a cliff, or rock, covered with plctographs of Hopl 
ortgln, nt Willow Spring, not far from Tuba, the figures of which shed light 
on Hopl Ctftn migration Icgcnda. 

Return] ng to Flagstaff, Dr, Fewkcs rcontflttcd in order to conduct lores tlgn» 
tlona of the ruins near Black Emails of the Little Colorado Elver. especially the 
one culled Wnfeokl, reputed in hnve been ihe Inst habitat ton of ihe Snake 
clnns of the Hop! In their southern migration before they dually settled pear 
the East Mesa. A little more than a month was spent nt these ruins, during 
which time extensive excavations were mnde Ln numerous subterruneem From* 
or pit dwellings. a new typo of hnhltoMun* found at the tomes of mrmy of the 
lnrjic mined pneblos on the Little Colorado. Incidentally several other pueblo 
ns ins, bltberto unknown, with accompanying reservoirs mnl shrine*. wore ob. 
iwrv^i. The excavations at Wukofcf yielded about IMo specimens* cwatotlng 
pnlntod pottery, beautiful shell ornaments* stone implement. basfcetrv, 
wooden objects, ome “cloud bluwcmr prayer Ftlcka, n prayorailck ho*, an 
idot. and other objects. The results of the excavations at Wukokl wUl to* in- 
corpora ted In a forthcoming bulletin on Antiquities of the Little Colorado 
Bute. 


On the completion of his work at the Black Falla ruins. Dr. Fowkes returned 
to Washington in September find devoted the aoxi there months to the pr *p&tn- 
tlofi of ii monograph ou Cana Urn ode* Arizona. 

At the close of January' 1K11 + Dr, Fewfcw again look the field. risking Cuba 
tor Ibfi purpose of Fathering information ou the prehistoric Inhabitants of that 
l^uud and their reputed contemporaneity with fossil Ktciths, shark* and en*w- 
iltloa. A fortnight wan devoted to the study of collections of prehistoric oto 
***** Ul especially the material fa tho University Museum from caves 

in Puerto Prfnclpe Prortnc* described by Dm Uontanfi and Carlos de la Torre 
With this preparation ho proceeded to the Isle of FIoosl and rein men™! work 
lumr Nuoiji Ccroiia. In this island there arc several eaves from which human 
***** havv rei mm locally, but tho Cucva do to* Indio* »tfnoted In the 

hills about u mile from the city named, promised the greatest reward. A 
weeks excavation In ihlp cave yielded four fragments of Indian skulls sot 
beyond rttisilr; one undetomwd, wall preaervmL bumim cronimn; ami many 
ftogmenu of pelves hmnert, and femora. Tl* cxcavattops in the middle of 

T U ^ “ m&m&J been dug over: thm. 

Urn r^ved remains burring ne.ir the outrun^, 

<m cavh aide Fhc sknll* were arranged In a row within n pocket sheltered by 
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An overhanging side of the cave. tied were buried about 2 feet In the guana and 
roll; beneath these crania were human long-bones* crossed* Several fragment# 
of a single &ku\l or of several skulls were enibwliied So a turn! sttlftgmtttc 
formation over the deposit of long-bones* No Indian implTCrieota or pottery 
accompanied the bonce* and no fossils were found in association with them. So 
fEsr aa recorded this la the first iimtanoe of the finding of skeletal remains of 
Oftve man In the late of Pine®, Their general appearance and mode of heir Eel 
were the some a# In the c^ro of those discovered by Dre. HantauO oud mrlo* 
dt In Torre, 

Dr, Ffcwkos also examined, in the Isle of Floea, about SQ struct urea known 
na Ctieinibn& l their Indian nemo, These ft re vfiSMliaped, subterranean reccjv 
larJtjK, averaging (J feel In depth and 4 foot In imixiniiiEu diameter,, gem-rally 
constricted to about 2 feel tit the neck, and wEth the opening level with the 
surface of the ground. Although these caehnbaw nm generally ascribed In the 
ImlEnna, they are thought by sonic to he of Sisumish oripin P and arc connected 
by others with buccaneer** pirates, and shivers. They nra built of masonry or 
cut In the solid rock; the Midas are often plastered and the bottoms commonly 
covered with a layer of tar. On the ground near the openings there U gener¬ 
ally s level, circular space. with raised periphery. The whole appearance sup¬ 
ports the theory that these structures were wed in the ninnnfncturc of turpen¬ 
tine or tar, the circular area beEng the oven and the cncExnba the receptacle for 
the product, 

I>r« Fewkes found Eliot the Pinero*, or native* of the Island* employ many 
uborlglnnl terms for animals, plants* and pin cos, and In some instances two 
Indian words are used for the same object. An acknowledged ilt^coudnot of 
a Cuban Indian explained thin I In politic duality by friylug that the Indians 
of the eastern end of the Isle of Pines speku n dialect different from thofo of 
the western end, mid that when those from On maguey, who were Tainan and 
of eastern Cuban origin, came lo the Isle of Eton At the Instance of I be Kpn nlsb 
authorities they brought with them a numcoelature different from Mutt then 
in use on that lain mi 

Several old Spanish structures of masonry* the dates of which nm unknown* 
ivera also examined In ihe neighborhood iff Santa FC\ Isle of Pines. The roof 
of n cave at Punt# do Eate+ the (southeastern angle of the Island*, bears: ab¬ 
original pletogrspbfl of the sun and other objects, suggesting that If is com¬ 
parable with the cove In Haiti In which. In Indian legend* the sun ami the 
moon originated and from which the races of man emerged. 

Dr. Fewkes has now collected sufficient material in Cuba to Indicate thnt Its 
western end. Including the Iple of Pin**, was once Inhibited by a ciivcmI welling 
l^aple r low In culture and without auric ultnra. Ills observations support tbo 
belief that this people were In that condition when Golumhut visited the Isle of 
Pines ami that they were survivors of ihc Gun&ahntILlbec, n esve-dwelllng 
population formerly occupying the whole of Cuba and represented In Porta 
Hlco and other Islands of the West Indies. 

Dr* Fewkes also visited several of the coral keys south west of Isle of Pines* 
but finding no nborlglual tnmm bo crowd tbo channel to Cayman Grande, 
about 2T>0 miles from Nueva Ctermim The Cnjtiiid group consist# of coral 
Islands built on a submarine continual Lou of tbo mountatua of Santiago 
Province. Cuba. A cave with Indian bones and pottery* probably of CLirib 
origin, was found near I tori den (own on the eastern end of the island* ami a 
few stone Implements were obtained from natives* hut as these sprotummi tuny 
have been brought from adjacent shores tmr afford little evidence of a former 
aboriginal population of Cayman Gmfcdfe The elevation of the Caytnan 
Inlands, computed from the annual accretion* would Indicate that Cayman 
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Grande wns n shallow roof when Columbus wEwit«I Cuba. nnd eon Id nut Mto 
lidiuMlnl nl that lliuc. Tlip tllieovefpr passed very near It oa Ms second 
voyage, when bis course lay firm tbe Isle of Pines to Jamaica, htit he reported 
neither name nor people, 

JJr r Fewkes returnixl to Washington In April and spent th« remainder of the 
year In completing his report on Cura Grande 

Dr. John It, Swnuton. ethnologist, devoted the first quarter of the your 
chiefly to col loot I tin material from libraries mid archives, as the basis of his 
*tw1y of the Crook'India ns. From the tatter part of September until rarly In 
Dwemtior lie was engaged In fluid research among the Creek, Natchnc, Tonka ire, 
and Allhamu Indian* In Oklahoma and Terns, mid also remained n short time 
with the remnant of the Tunica and CLiltlmarha la Louisiana, and made a few 
side trips In search of tribes which have been lost to eight within recent yours. 
On bis return to Washington, Dr, Swnntcn transcribed the linguistic imd 
ethnologic material collected during Ms Held evcdMoo, toad the proofs of 
Rulle(l»« 44, 4(1. and 47, added to the literary material regarding the Creek 
India us, collected additional data for n tribnl map of the Indians of the United 
8tnu*. ami In It In led a study of tiro Matches tangniigc with tbtt Bpeclnl object 
of countering It with the other dialects of the Munich ocean family. Dr. Swan, 
ton also spent some time In studying the Chltlmarlia arid Tunica language*, 

From July. ItllO, until the middle of April, ion, .Mrs. m, C, Steraiwm, 
ethnologist, wna engaged In the completion of n pnper on Dress and Adorn- 
meut of the Pueblo Indiana In the elaboration of her report on Zufil Plants 
and Their Uses; and In transcribing her Hold notes pertaining to Ztifll religious 
coni'eiiti* nod the mythology and ethnology of the Taos Indians, 

Mrs. Stevenson left Washington on April 12 nod protruded directly to the 
country of the Town Indiana, In the valley of the i(So Grande Id New Mexico, 
for the purpose of ran I timing her Invest tgntlmi of those people. PuMl the clone 
of the Hsral year her energies were devoted in the pueblo «f San r,rid 

lnrldeutatty to panto Clara. Information particularly in regard to the Tewn 
ctiletuinr system, awm™^ and material culture being gained. Mrs m c ™[ 
son Duds that the wnnridp of the San IUefano Indians Include the 
cel^Ml bodies ns are heTd Aond by the Zofn „ Utl ,. tLur Vnm thl , 

foundation lahl during her prevlon* researches among the Tewn Mrs Steven 
™ rp,mr(5 lhj,f ** hl " WUSrienced little difficulty (u obtaining n'n h 1H i-ht 
lino the e-soterle life of these people, nn.l l B dally adding p, i )er , tnr “ - 

knowlcdge respecting their religion arSI saaiology. A . m]1 | ef0 rm , n , .. 

obstetrical practice* of the Tm him been made, nod It is found that thev an¬ 
as elaborate ns related practices of the Tn« people. The Snn iWefnnso in 
habitant* do not ream to have changed ihelr early custom* regarding land 
■enure and they adhere tcnmloust, to tbelr marriage cua.om, „ nd hWtb r1 
notwithstanding the tong period during which missionaries have been 
them It is expected that, of her many line* of study among ,h c T, wn SD 

ration Dl^t ‘ lr,n, ™ ltu * w,l > "he fir* remdtfl for PU .b)b 

After een,pteting tun special articles on ethnologic topic* for the el™in» 
pages ..f Part 2 of the Ilaodbook of American Indians, mV 1 v i- n ? 
cthnologmi. pursued tiro study of the history nf the tribes Vo^naly 

in tbv Nmapjchanna nm| upper f Hilo valley*, iwrev., . . . rj .„ * , 11 B 

inlerrupted by the uec^lty of a*s^ VtoTSt iSStoSffi ^ 
atmotntlou of « collection of 120 legends, tradition*. ,md mvth, of lu-'ZZ, 
Indians, recorded in ISM and IK® by the late JercmUh roVtiu , vth ? T 
of the year this work was far advanced, only about im ™ t* ,ie cIo ** f 

,.*» w a— I, Cal 1 ."!' 
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with Mr, IfcwiiVa LutrpdweUou T note* and explanatory matter* In a forth- 
vamlng annual pejHjrL As Opportunity afforded. Mr. Hewitt abto resumed tile 
prostration of bis sketch of the grammar of the [roqttol# fur Incut |ju nation in 
tbe Handbook of American Trnlhm Lao£uage&- 

Ah In previous years, Mr. Hewitt |Uf*n tired and collected data Cor replies to 
numerous correspondents requesting special Information, particularly in regard 
tu the IrocjuuiM ami AlyjiHiuiun tribes. Mr. Hewitt also bad charge of the 
Important collection of l.Tlfi manuscripts of tlie bureau, cataloguing new acces¬ 
sions and keeping a record of those withdrawn In the progress of tho bureau's 
reaps reh es, During the year, 378 mi mu scripts were thus made uw of by the 
members of the bureau and Its co] labors tors. Exclusive of the numerous muRii- 
scripts prepared by tbe stuff of ihe bureau and by those In collaboration with 
ti, referred to In thbs report 12 Items were ndded during the year. These 
[lertaln to the Pawnee, Chippewa, Zufil, and Town tribes, and relate to innate, 
sociology, economic*, mad HngtUstSefc 

Tbe beginning of the fiscal year found Dr* Truman Mlciielaon* ethnologist, 
eouductlng ethnological aud ILugtdstfc Investigations ADSong the Pkgnn Indians 
of Mon taint, whence be proceeded to the Northern Cbuyeune and Northeru 
Arnpaho, thence to tbe Menominee of Wisconsin, nbd finally to the MIciuiic of 
Rest Igouclio* Canada—aJi Algouquiau irlbos, the need of st more definite lin- 
goEstle classification of which has long been felt Dr, Michel soil returned to 
Washington at tbe close of November and immediately commenced the elaboration 
of Ms field notes, one of the results of which Id a manuscript bearing the title 
**A Linguistic Classification of the Algnnqulan Tribes," submitted fur publi¬ 
cation In the twenty-eighth annual report Also In connection with bis AlgoB- 
qubsii work Dr. Michels™ devoted attention to the further revision of tbe 
material parlaluing to the Eox gtammar, by the late Dr* William Jones, the 
outline of which la lncurporcUwl lu the Handbook of American Indian Lan¬ 
guages. During the winter Dr. Mlcbelsou look ad vantage of the presence lu 
Washington of a deputation of Chippewa Indians from White Earth* Minne¬ 
sota* by enllmlii* their sendees In gaining an Insight Into tbe social Organiza¬ 
tion of that irllnj! and nlsa in adding to the bureau's necuinulutton of Clilppnru 
linguistic dsirn_ Toward the dose of June, lOll, Ur, 3ik’hebon proceeded to the 
Sauk rind Fox fteservatlun In Town for the purpose of continuing bis study of 
that Algonqulan group. 

The months of July and August and half of £k?pteniiN£r* IfilO, were sj*eut by 
Dr. Paul KadLu. ethnologist, among the Wbmehago India us of Nebraska and 
Wisconsin, bis efforts b&tng devoted to a continuation of bis studies of the 
culture of thoAe i^-ple, with special reference" le Lhelr ceremonial and social 
onpaflAtlou and fchelr genera! social customs. Par! of the time was devoted 
to a study of tbe Winnebago material culture, but little pragma wh made in 
this dliwiioii, us few objects of utwriglual origin are now iwroessad by these 
pttKjple, consequently the study must be compltsted by cmmlnatlon of tbelr 
objects preserved In museums nml private collect Iona A beginning in ibis 
direction was made by Dr. R^Lu during tbe hitter half of September :»mJ in 
October at the American Museum of Natural History, Now York City, During 
the remainder of tho fiscal your t>r Rodin was engaged tu arranging tbe eth¬ 
nological material gnihered by him during the several year# be has devoted to 
the Winnebago tribe, and In tbs praps ration L?f u nomograph un the Medicine 
Ceremony of the Winnebago and a memoir on the ethnology of the Winnebago 
tripe in general In June* 1811, hi- again took tbo field in Wisconsin for the 
purpose of oh talcing the data necessary to complete tbe tribal 
Ruth tlicae cus □UBciiptu* U Lh expected* will bo finished by the dose of tbe 
pMpn t calendar year. 
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By arrangement with the Commirataner of IndEan xUInEra the bureau wag 
fortxsijute In rnll Fling the nwrlcias nf Sir, Francis Lji Fl^he. who hen hren 
frequently mentioned In the annual report* of the b urea it in cunnMfctan with 
hSH attnllc*, frlntiy with AH aa Alice €- Fletcher, of Hie cltmolegy of the Omaha 
tribe of Ibe BEqtmn family, Having been assigned the tank of making n com* 
p$ rat Ire Btody of the tinge tribe of the same family, Mr, Iji Ftetfcbe |ipo- 
ceeAed to their reso-raUou 3c Oklahoma In September, The older On&ge men, 
Uke the older IikJhint generally. lire very eraser vail ve. and time and tact were 
necessary to obtain such standing In Hie tribe as would enable him to estab¬ 
lish friendly rotation* with those to wham it wna mesny to loot for trust¬ 
worthy Information, Although the Oszige language ta almilar to tbn t of the 
Qmnhm Air, La IM1 m t 6 native tongue, there are many worsts nod phraatHs ttmt 
Bound alEke hot are med in a different sew by the two tribes. Having prao 
tkailly xumUcroti the laEigUEige, Air. t-u Kleecbe was prepared to devote Severn t 


mm3 E ha to what Ja known ns the No^bu^shUga Ie'tn, the general term applied 
th 11 «mplei Herb's of cere-monlca which partake of the nature of degree*, but 
are bet* strictly oinking, successive stem, although each one Is linked to the 
other In n general sequence. While at the present blaeo of the inveMIgallon 
It would be premature to make a definite statement ns to the full moaning uud 
interrelation of these Osage ceromoulefl. there appear to be seven dlvlsloun of 
ibe Nc/'ho^zhPga le'la. the names, function®, and sequence of which have bees 
learwdp hut whether the Mtfmusa thus for noted Is always maintained renin Ells 
to be determined. From SnQCy^Onlf, one «f the three surviving Qtfflge regarded 
as pant mast ere In those ceremonies, phonographic records of the Drat of the 
ceremonies the Wnio'be awntho*, have been msde In Its entirety, euulatlbg 
of hi) soagM with words imd music, acd 7 prayers All those have been tmn- 
sorEbwj nutl In part Emulated into English, comprising a manuscript 
lug 3U© f»«et In order to titaruss with the Osage the meaning of tbflw? ritmilfl, 
Mr. Tilt Flesclw found it necessary to commit them to memory, ns reading tmm 
the manuscript dl-coneertod the old seer. At Saucy-OWT* Intftittou Mr 
Iji FEesebe wltraced in the autumn, at Grayhorse. a tk?rformnm.v 0 f the eon- 
nmtj of the Wnso'be-dwatho", the recitation of the rituals of which requires 
*** tinf* P“ rt n Slight, and mere than half of the following tiny, n i K y r 
14i I Jcselie'fl puriM.fle to nmnl* if jn^IEUc, the rituals of the remaining 
iSLvEHEojiB of the N&^ho'iliE'ffG re'ta. He hi* already obtained a phnraphrase of 
the m mil ceremony {the Nlfc'kioW)* and bop® mm to procure n phtmo- 
gnipljb" record of nil the rituals pertaining thereto. 

li. with lii* * rhnc,|.^| i ei | work Mr U Fliweh* ban Ih™ ftt f „ rtr|lmtHJ 

bti to obtain for lhn Vntlon*! Museum four of the mAte, or aafrred racks, each 
«f which formed & |ian »r the para phenoi lb, of the No’'bo\ail , en [ e ‘tjj na 
w, ‘" *» n wns.i'lMMu-jpi, tbe sr«tt wox^be whirl, cpottlna tLe limtrutnenu for 
(MtwIiiK- Ihitr tilths t>m&» rrrt- tnlt™«l wlm Imve icrforaml certain llril 
scribed In tbe rltcn of lb* No-b-^hfpj re'Mi. Tbe r it» of the tutta'inc 
cureaion r ure yet to be worded (tod el«cldntml. While tbe wnio'be fa the moat 
wiir^l of the arttelihK tlmt form tbe imrapbermllla of the N T o''ho - Ehi ,1 jr u t.-'o, 
ni.,-i r It is not -tiumlele In itself; Other mines sro liHlIsnossablo to their ™- 
. tofuiohee. eud it Is hopol tliet these tuny be pncaS m mrau r „ t[lre tl 

Wtnie not record«1 ns one of the cerenjoubd dlrieton of tt ,e No^heihiv™ 
le'io. tb. n< l* it ceremony so closely oonoected with It ttmt It mlcbr ni h! 
"P ,r ‘l nl 1 f lilrt thwoof-this In tli* Wnaha'benthl* wstsl or tbe dunr ' r ,h 
stnndanlH. The Jutroduetory part of this ccn-mot,y Is c|]^ Akbsn ■ ^ 

Ine over one mutter In motnnl Syntpatbj by tb* member* of thf . ' 
dJviHlonn or the tribe, There 1 r no r.^ilfir the* f, r , 1 .,. , rf p l0t 

Washn'bMlht-n ceremony. It Is elv«, only wheo a member 
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by aonie Ai^lnlly Invod mini fa rural rehitlve niMil seeks it ccreiuoniul 

expression of yy iij|- siltty front the entire tribe. It In the Intention to procure 
the nttil rltuflSH af this citcmimy. and Rpecljiigmi of the atandarda 

etapkiy^l In ll« performance. 

Altogether Mr r La Kh^hc Uni mu do excellent progress Id hi* study of she 
OB[Lj+e people and ibe results are already bedding light on the organise don 
and the origin and functl-m of the ceremonim of ibh* Imjjfirtnni tribe,, 

Tile kpuehi! r&mti rehkst of the bureau In the field at linguistic# wurc conducted 
by Dr. Fmtis: Boas* bcticrJiry pbllologlst, one of the immediate and tangible 
results of wliielt was the pubUcatlxm of Part 1 of lb* Handbook of American 
ludkLU I jt ngius gifs, It set'irm ties Ira tie to reefale at the present time the 
development of the plan and the ohleet of UiIr work. 

Through the efforljs of tb« Sul* 1 AluJ. I'nwi ll nod his coEIaborntorfl a groat 
number of vocabuUlrica and a few gnitiimars of American Indian language* 
had been accumulated, but no attempt had been made to give a succinct 
description of the morphology of ail the laiiguajjes of the continent. In under 
to iiu this, ll series of publication* was necessary. The subject mutter had to 
bo represented by a number irf graniEuaticul sketches such eta are now being 
assembled In iha Handbook of American Indian Ijingungna, Tu vahstoidtaiu 
the Imhaeiknui eon mined In this grunuunr, eolleettuua of team are indlaiK j mjable 
to Oie student* and dually u series of extended v ora bn Luries iu e r«mlr<i| r The 
Phio, ub developed between l£$ti mid ll)QO t eoe tempt* ted the uBaembilug Ju the 
lull Let in merles of the bureau of a series of texts which were to form the basis 
of the ImudbtKik. Of this aeries, Dr. Boas'o Chinook, KnlhTnuiot, and TeIiusLlIuii 
T exts, nad Swauteu'a I Is Ida nod Tliugit Testa, oubs^iivnEly published. form a 
Port but at the time Bmmuifs Text* opium red It was believed by Seer cm r> 
t*an^ley that material of this kind was s too technical In cluiracier la warrant 
publication in a governmental aerleo. It wna therefore. decided to diticontlnuo 
Uie le-U scries in the bulletins of the bureau mid to divert them to the Publics 
lions of tile American Ififchmiloglenl Society anil the Columbia University Con- 
trihut Lons to Anthropology, Other series were commenced by the University 
of California and the UuLvvndtj of Pea liirvI vnntm The method of publication 
ptimttd at the present time, though different from thin first planned. la 
uix-optnble, slnco all the materia) is accessible to sLudeniK, and the bureau Is 
mi veil the expense of publication, 

Dr Boas barf been enabled to base all the sketch?* in the Oral: volume of his 
handbook on accompai^iai; text series, as follow*: 

it) Athapascan, Test published by the University of California, 

(2) ThngLL Text published by lhe Bureau of American Ethnology* but too 
lute to be nsod #y«tcmntieiiIJy, 

(3) H* Ida P Texts published by the Bureau of American Ethuotogy; 

(4) Tsiiesblnu. Texts published by the Bureau of American EHmoIngy and 
ihe AtnerJeau Elhno logical SpcJely. 

ifij KwnkincJ + Taris jiubli^hed by the Jesup Ei]adlthp|i untl Iii the fkilnin- 
biu Linlvcraity aerlnt 

(0) Chinook. Texts publish^] by the liarain of American 

(T) xMnldm Texls published by the Americao Etbnolo^leul Society, but too 
late to bo ii£ed. 

(Sj AlgoiLLpilam Toxta published by the American Ethnological Society. 

(U> SEous r Texts in Cuniribuiluiia to North Atuer.lcan EtbnoEogy. 

(ll>> Msklmo. Texts Jn “ JleddeSeLser om ilrjtolnmh 1 ' but nut used system¬ 
atically. 

Although I>r. Uons bus urged the dcidPriblUly of umJcrEakLug the publication 
uf the atrliM of vmaliulurles, no dellniit* ateje* have yet ta taken toward the 
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rental I cm of this plan, owing largely to luck of funds for the oiuploymcnt of 
assistants In preparing the mntoriula. it Is hoped, however, that such a series 
of vocabularies, tmeed on tlu> published grammars and on the series of test* 
above referred to, tuny bo prepared for publication In the near future. Much 
of the preliminary work has been done. There ore, for example, extended 
OinuuUrrlpt dictionaries of the Ha Ida, Tslmshlim, Kwnkiutl. Chinook, uod Sinus, 
but noue of them la yet ready for the printer. 

The work on Tart 2 of the Handbook of American Indian Lan^uagea la pro* 
Brewing satisfactorily. The sketch of the Tnkrfnin is In page form ( pp. 1-2WI), 
but Dr. Bon# bu undertaken the correlation of this sketch with the Take]inn 
Texts which meanwhile have been published by the University of Pennaylv atiin . 
and a considerable amount of work remains to be done to finish thla revision. 
The Coos grammar la Ed galleys. The Gjo# Texts are at |iie present writing 
being printed by the American Ethnological Society, and here also references 
are being Inserted. Dr. Deo j. Frachteoberg ban eoatlaued bis collect loo of 
material for the h a ndboo k with coiuiuendnblo energy and Intelligence- The 
field work has been Bmiwdally aided liy Columbia University. partly through 
a gift made by Mrs. Henry Vlllard and partly through fund* provided by Sir. 
Homer II Sargent It has also been possible to utilise for the work on the 
Alseo the collections made at n former time by Prof. Livingston Fur mod on an 
expedition supported by the late Mr, Henry VlilanL On his lust expedition 
Dr. Fmchtenben; was able to determine that the Sinaiaw is nil independent 
(dock. Although morphologically afllllated with the Aiwa, Coca, and Stuslnw 
group. He also collected extensive material on the Aleva and Molajn. 

The moat Ituportnm result, which Is appearing more and more clearly from 
the Investigation* carried out Under the direction of Dr, Boas, lies In the fact 
that It will he powslbte lo classify American languages on n hauls wider than 
that of linguistic stocks. In mu Dr. Boas culled attention to the fact that 
ft number of language® In a nit hern British Colombia scent to have certain 
morphological mills in common, by which they are sharply differentiated f rr3m 
all the neighboring language*, although the evidence for a common origin of 
the stocks is unsnttHfactory. Dr. Boss nuil hi* assistants have followed this 
observation, and it am now !►? Shown that throughout the continent languages 
may be cIohsnI In wider morphological groups. It Is Interesting to nolo that 
phonetic gremlin may be disllngulshed | n a similar manner, but these do not 
coincide with (he morphological groups. Tilt's* observations nr* in neetml 
with the results of modern Inigntrles In Africa and Asia, where the Influence of 
Tin nil tic phonetics on languages of the Sudan and the Influence of Sumerian 
on early Babylonian have been traced In a similar manner. Analogous «m 
dltluiis seem to prevail also in South .Africa, where the phonetics of the Bush 
mnn lancungcs have influenced the neighboring Hnnln languages. In this way 
a number of entirely new and fundamental problems In linguistic eltniogrepliY 
liavc broil formulated, the solution of which Is of the greatest Imparlance for 
n dear understanding of the curly history of the American Continent 

The Handbook of American Indian Ungtingts ns plumed at the present 
llnm deals exclusively with on analytical study of Die morphology of each 
Mignlrtlc family, without any attempt at a detailed dismission 0 f phonetic 
processes, their Influence upon the development of the language and the rein 
lion of dialects. Dr. Boss recommends that the present Handbook of \niorlLu 
Indian Urnmingi* be fnllnwed by a Sark's D f handbooks each footed , „ 

nlnglc linguistic stock. In whit'll tbs development of each language e it 

c*b he tmciMl toy ramparatfro sruill-CR, shmiJd t H . treated* " n 11 

The ■tudy of (itswlplunl American music wan ttwlucted among the Chinn™, 
Indians by Mlro Frances De»«ao», who extended her Held of w ..rk prerfeMly 
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IwiKiiu among that people and elaboniled the system of analyzing their songs. 
After spending WTisnil w«J;u on the Ijic il« Flambeau Reservation in Wte- 
ruatfln she accompanied tJiu CtdppewA from thru raerrnghn to ihe Menominee 
Reservation la the mm State, where the Lae da Flambeau Chippewa cere¬ 
monially presented two drums to the Menominee, Tills ceremony was closely 
observed, photographs being tnleeti nnd tho speoehoe of presentation tmnalnled. 
nnd tho songs of the ceremony were recorded by Miss Denmnere on u phono¬ 
graph after the return of the drum party to Lac da Flnmbcmi. Many of Uit* 
songs are of BEoux origin, as the ceremony was adopted from that ijeupte; etm- 
pi cully the songs wf-re analyzed separately from those of Chippewa origin. 
Numerous old war songs were recorded at Lac du Flambeau, a 1st* songs raid 
to have la-on comtuaiHl during dreams, and uthuru used as accompaniment* 
to gum os und donees* The analytical lahles published during tho year In bul¬ 
letin 45, Oit[ipewu Musfi? + have been combined by Alisa Detuunora with Iho&fe of 
snugs collected during the year 19HM1, making a total of :*pi Chippewa souga 
under ana lye Is. These nre analyzed In 12 tables, showing the slructnro* lotto 
mater I a E p melodic progression, nnd rhythm of tho KBiPti the rhythm of the 
drum, the relation between tho metric unit of tho voice and drum, and other 
I mints boa ring ou the development nnd forai of [irinUtlra mnslcal oxprto&ilan. 
This material Ss oow almost ready for publication. The HEolek wtigg of the 
drum presentation ceremony, similarly analysed,, constitute the beginning of 
an analytical study of the Slain music, which will be continued and extended 
during the fiscal year 3911-12. 

Mlsa Alice <1 Fletcher and Mr. La Flfcftebe conducted the fliuil proof revision 
of their monograph on the Qiiiahn tribe, to accompany the twanty-sevoath 
nnnunl report, which was In press at the close of the fiscal y*-sr, This memoir 
will comprise 05S printed page* nnd will form tho must complete monograph 
of u trio pie tribe that has yet appeared. 

Mr. J. P. Dunn,. whose studio of the Algonqulan tribes of the Middle W«t 
Imv# been mentioned la previous reports, deemed It advisable, before conUmi- 
lug hi a Investigation of the language of the tribes comprising the former 
Illinois confederacy, to await the completion of the copying of the anonymous 
manuscript Mlaml-French Dictionary, attributed to FWe Joseph Jgantlds Lc 
Boulanger, in the John Carter Brown Library at Providence, Rhode Island. 
Through the court COM pencil™ ion of Mr. George Parker Wlnsltfp, librarian, 
tho bureau has been pi mb led to commaace the ropy lug of this manuscript, tbe 
difficult tiunk being aligned to Miss Margaret Bingham 8UHwfill t under Mr, 
Wtaablptf Immediate direction. At she close of tlio flscol year 2>J pages of the 
original (comprising 95 pages of transcript), af the total of IfiS pages of the 
dictionary proper, were finished nnd submitted in the bureau, it is bopal 
that on the completion of the copying the bores a will have a IwibIh for the 
study of the Miami nnd related languages that would not bo possible among the 
greatly modi fled remnant of the Indians still speaking them, 

Pn>L Iloward M. ReUIeju, ef Honolulu, has continued the preparation of tbe 
List of Works Rotating to Ha walk undertaken In collotarailua with tho late 
Dr. Cyrus Thomas, and during the year submitted the titles of many early 
11 iiIjIE ditions, Including those of obscure hooka printed in the Hawaiian language. 

Mr. John P. Harrington, of the School of American Archaeology, proceeded In 
March to the Colorado Valley Id Arizona and California for the purpose of 
continuing his stud tea commenced a few years before, among the Mohave 
Indians, and incidentally to males collections for the United States National 
Museum, Mr, Harrington was stilt among these Indians at the close of July, 
and the results of hi a studied which cover every phase of the life of thla 
Interesting people, are to be placed at the disposal of the bureau for publication. 
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rtJBUCATIOIfH, * 

The general edJiurcal work of the bureau continued In Immediate churse of 
arr. J. G. Gurley. editor* The editing of Part £ of Bulletin 30, Handbook of 
Amor I mu Indiana. waa conducted by Mr. Hodge, while tbe editorial aupyrvlaion 
of Bulletin 40, HjLiuitHMik of American Indian Languages, was la charge of 
I>f. Dchuh. At the close of the Usual ypur the twenty seventh annual repurt 
was near!? ready for the bindery; more than one-third of Bulletin 40. Part % 
was In type fiuoirtEy tn pflgea); and Bulletin „ , t Dictionary of the Biloxi anil 
Qfo Languages, by Botway nail Swantuu, was la jmge form. Some program 
bud heni\ made in the revision of the galley proof of Bulletin w 9 Dylngtoti'm 
Choctaw Dictionary, a work requiring the expenditure of considerable [line 
find Ichor. Murk ot Sir. Gurley's time during tbe year was given to ihe work 
of editing ami proof rending tbe twenty-seventh wdikaI report and im nceoni- 
the monograph cm the Omaha tribe, by MLe3 Ml etcher ami Mr. 
Ui I lescbe, shore referred to. The follow lug public* dona were luual during 
the year: 

Bulletin 30. Handbook of American Indiana North of Mexico <F + \\\ Bmlge 
editor). Part 2, 

Bulletin 37. Antiquities of Central and Southeastern Missouri (Gerard 
Fowke). 

Poll vita 40. Handbook of American Indian language* f Frans Boilb, editor)* 
Fart 1. 

Bulletin 43. Jnritun Tribes of the Lower Mississippi Valley au& Adjacent 
Coast of the Gulf of Mexico {J. H* Bwanton). 

Bulletin 44, Indian Languages of Mexico and Central America and llmlr 
Geographical Distribution (Cyrus Thomas and J. XL Svrantuu). 

Bulletin 43, Chipiiewa Music (France* Densiuoro}* 

I Sul let 3 a K). Preliminary Report on a Visit to the Xftvabe National Monument 
Arbrntm (J. Walter Fewkes). 

Bulletin 51. Antiquities of the Mesa Verde National Park: cliff Palace fJ 
Walter Fewltu}. ' * 

The preparation of the lihiGl re lions for the publications off the bureau and the 
making of photographic tiortntirs of tbe members of visiting deputations of 
Tudlflua were fn charge of Mr De Lancoy GW T Ulnstretcr. Off the 24d negatives 
tiswde, 1M comprise portraits of visiting Indlima. in addition 372 photographic 
iHw^. t-xpuMl by members of the bureau la connection with their ftehl work 
were developed and printed, Photographic prints for publication and exchange 
were made to tbe number of L4G0, tmd 22 drawings for nw> as Illustration* were 
prepared Mr, OUI wo* ualtted, as in the past, by Mr r Henry Wnl tiier. 

UfflUflY. 


The tibrary off the hurenn has reiHjuned Hi tbe immediate cliatee of Miss 
FII.I Leary, Hhtmtinu* During the yenr that pari of the muthmstam mllm 
ot the lower main hull of the Smithsonian Building which was vacated by the 
Nntlulus.] Hwrn was assigned to the use of the bureau library, and three a*M(- 
tioiui! stucks were built, providing shelf room for about 2.300 volumes Nearly 
Ihnt number of book* which had been stored, and consequently made Inwel 
slble, were placed «u the new sheh t*. The policy carried out from year to vear 
*>* ttu ‘ W*™* ^ eadianEO with other InsWtotieuB baa cou 

tiuuml. and apodal olfort made lo complete the collection of serial nnhltcu 
tiouc Facially to u^ted Is the complete of the of publications ^f 
the V*b» mzMni aa u tto A«bi™ Of Pennsylvaau!, boIL t 
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material pertaining to the Indians. Aft In the pnsl + It has boon necessary for 
the bn roan to uuike we of the Library "f Congress from time 10 Uam* about 300 
volume*! hn vlng iH-on borrowed during the jear. Twelve hundred books ned 
njjproxliuataJy prmiphlcts were received. In addition to tin? current numbcni 
of more 1 had 000 periodicals. Of the books* and paujplilelH received, MS wore 
acquired by pur trim ». the rerunlntter by gift or exchanga. Six hundred nod 
tffhty-nine volumes were bound by %he Government Printing Office, payment 
therefor being jnmle from the allotment * for print Ini; and binding * * * 

itnhnrii reports and bulletin ft of the Bureau of American Ethnology, and for tuts- 
rennneotift printing and binding* 1 * authortxed by the eundiy civil act Thm pro¬ 
vision hiss ennbled the bureau, during the Last two yoiais, to bind many volumes 
olmcraf in daily use which were threatened with detraction. The eatnlugue of 
the bureau now records iT n 2S0 volumes; there are also about 1^200 piiruphleta, 
and several thouwwt unbound periodicals. The library fa constantly referred 
to by students not connected with the bureau, as well us by various oftlcintB of 
the tiovertitueEd service, 

rBoratTY. 

As noted in previous reports the principal property of the bureau consists of 
its library, manuscripts* and photographic negatives. In addition it possesses a 
number of cameras. phonographic machines, and ordinary apparatus and 
equipment for field work, stationery ami office supplies, a moderate amount of 
olflee furniture, typewriters, ete P . and the imdlatrllHited stock of Its publicstiuna 
The sum of was exjftisuJetl for odlcft furniture (Including bookslacka at a 

cost of during the fiscal year. 

EEOO VL lIEXOATIONa. 

For the ptrrpcso of extending tbe systematic rosea re Lies of the bureau and of 
nlTonlltkg additional fttcllltles for its ad minis? ration. the following recommeuilu- 
tlons arc made: 

A question having arisen hi the Committee on AppruprirtUons of the Ho use 
of Repri^enfat ivra as to tbc purpose for which an increase of $2,000 In the 
burwiTa appropriation in 1B09 was Intended, the work of excavating and ro 
lNilrLu- antiquities existing In national parks and monuments has boon eur 
tailed- The Importance of elucidating the archeological problems connected 
with tiiesc ancient remains and of repairing the more Important of them for 
viaibnm and for future si intent* Is m nppnrcut that the need of continuing this 
work Is generally recognised, consequently up estimate of $4,000 “fur the ex- 
plant t Lon and preservation of authinlttea" lms been submitted for the next 
fiscal year. 

Ethnological research In Alftetfca In urgently ncydtd by reason of the great 
chAiiges taking plnce among the Indians and the EbktBtt since the Indus of 
white people u few years nm Unless this Investigation fs undertaken nr ooce 
Hie aboriginal inhabitants will have become su modified by contact with whiles 
that knowledge of much of their primitive Hfe will be lust. It is recommended 
Uiat the stiui of he appropriated for this work. 

The more speedy extension of ethnological researobes among the remnants 
of the AEgonquEan tribes formerly occupying ?h e saddle West IN desired. In n 
number of casco these tri1«?s are represented by only a few wurvlvora who retain 
any knowledge of the traits, language, and customs of their people, hence It 
will be Impossible to gather much uf this Information unless the work la ex¬ 
tended more rapidly* as the funits now at the bureau** disposal for this pur- 
l*^- ure inodfciiiJQlfcv The additional mtu of $1,000 Is reomimentJed for rbEn 
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As previously suited, tbe demand for die Handbook; of American Indians 
has |*h j u ho grunt dun nmnj schools nnd libraries have uarattfUy toca denli*! 
Tlie need of d revised edition I* urgent but the revision cub not to utistac- 
tr*rl3 y undertaken and die latest lafartwrtlaa Incorporated without die employ- 
meni of Kjiecial ethnologic abstains—ibese who 1 m va tovoted apodal study to 
particular tribes —ami editorial find clerical aid. It Is recommended Umt die 
mm (if $3300 towpprajirlntnl for lids purpose. 

The bureau is constantly In receipt of requests from schools, historical 
societies, compilers of icx Shooks, etc* for photographic prints of [tidhin nuli- 
jeets, since It is generally known dint the bureau possesses many tluiutuLnilK of 
negatives jL^iuuuhiteil in die course of Its Invetatiipit ions. As no funds ore now 
el Yu liable for tWl purpose. It Is recommended that ei reo&omihle sum, say $1,000, 
to appropriate for ito purpose of funalsliln^ prints for educational purposes. 
In must casua applicants would doubtless be willing to pay die cost, but at 
present lbe bureau bus no authority for selling piiLjtngroph^ 

The mauuserlpts Eiccmu [doted by die bureau form n priceless col lection ; 
Indeed many of them, 3f Tost, could not be replaced, since they represent I be 
results of studies of Indians who have become extinct or tuive lost tho\v tribal 
Identity, It Is therefore nrgcnity recommended tlmt the sum of to ap- 

preprinted for fireproof) uj; :i room mid for pro eld Lug metal cases for the 
pemumenl preservation of the manuscript* 

Itesricctfnlly subiultled. 

F. W- Howe, J?f A iiaIopi.it in Chttr^e, 

Dr Cuasles D, WaTCOTTi 

Hrcrcturff af the NrrliJAjrunJiJri Imtttlitbm. 


Al’iT.NlllX III. 


REPORT ON THE INTERNATIONAL EXCHANGES. 

Sir: I Imre tbc honor to submit tla-e following report on the operations Of tile 
Xufermitiounl Exchange Service during the iiscnl year ending June JEW, 1&13. 
which woj prewired under ltie direction of Ur. 0 + W* l^b&emnkor, chief clerk, 
who was In charge of the service from January, ItUGi until June 1. 1DH + 

Tim congressional appropriation for the support of Ibe service during 1011 
wus $32:200 (the ump amount granted for the past three years), mid the Sum 
collected on nccounL of repayments was $1,734.99, milking the total available 
resources for carrying on the system of International exchanges $36,954.99. 

The total minder of packages handled during the year was 223*6©$—nit Sn- 
cre&ise over the number for the preceding year of 7,073* The weight of these 
packages was GG0*8ft& pontids—n gain of 10424 pmindfl. For pnnweefl of com- 
parlnon tlie number and weight of packnges of different cliis&es are Indicated 
la the following table: 


- T- 

Package?,. 

Wrltbt. 

Sent. 

Rwrfmt 

Ban!. 

ftocetritf. 

1 

a 

l 

1 

1 

i 

ce 

1 

1 

m,7W 


J^ju ftiti . 

KI£,?I9 1 

yy^flgi. 

Pnbtksitlci*a cfctidnd m ratnm lor [larlucisciiiafy (tomiiknb. .. 
UoUvl SIruh rlapop i +mi‘!vi: , .L ilocuniimti stmt n broad. 

,TT..,T..J 


j te.lW 

mi®8 

54.165 

Pu bhoitatti p^i>J w*l so fetum Mr *tefwtsn«niat dwnrtwBU,... 

SpTli ] 

■ + H-i I TT - -j 

30,524 | 

l.SSffI 

Pu bUnUlonp frxusi mboaUajuicHAii sourasa swat .... r .. 

rubu^itkfti fwLirt Crnm ubimwl Mr MlmEEKniKnu illitri hu- 
[]&□........... 



Total... T .... 



lOTiTO; i 

| iawi 

mrcv | 

j in,m 

ftnad total. .. . .. .. 


m*m 



The disparity between she number of packages received nnd those sent mny 
be accounted for* Iti p^tri, by the fact tlwiE many reluma for polj lienlions Rent 
abroad are forwarded to their destinations by inn LI nnd not through tlie exchange 
service. This difference Is further due to the fact that whereas puckagos sent 
are made tip In most cases of separate publications, those received contain 
several volumes—In some InstnuceK the Lena 11 package " being applied to largo 
boxes often containing lOOor more publications* 

By referring to the above sta tonus* I It will be noted that £>G per cent of the 
wcirk of the olhce has b^en conducted in behalf of tho Uuis;p^d States govern’ 
meatn I estnbl latunents. 

Of the 2,380 boxes used la forwarding exchanges to foreign bureaiia and 
agencies for distribution ran in. r. nee of 347 boxes over 11)10?, 8K» Ih^ok con¬ 
tained full sets of United States official documents for auiborixed depositories 
ond 1,990 were filled wish departmental and miser publications for depositories 
of partial aeia ahd for miscellaneous correspondents. 


4h 



























46 


ANNUAL REPORT SMITHSONIAN INSTITUTION. 1ML 


ftewml changes lime been made during: rile year in the routine of the Kjc- 
ehunge OfBce looting to the eeoneio^l und elTkdem ailmmis! ration of the 
ferric*. These changes are here briefly referred to. 

It had b eew the pmetlcn for many yerira to keep n carol record of 110111 in¬ 
coming and outgoing pnetopes —a credit uhtl deblE account with each ertsbltsb- 
meat or Indh-ldtml using the fnciming of ibe Exchange Service—thus enabling 
the Institution to answer Inquiries concerning the traiMmlmni of any particular 
luctngc without delay. Aa the keeping of tbe*o cards lavohrd a great rlenl of 
labor—«inIt* nut of proportion to the benefits derived therefrom—tttid niso aa 
rawt of the Information given thereon could, with the expenditure of n little 
more Unw. be obtained from other iwnnlii In Hie oJftce, the tldalled trUitemant 
of outgoing pnr-fcuges has trtwn Hlncnntinned. Tills carta LIdhxii In the work 
bus made It possible to dispense with the services of one of the clerk* In the 
rocurd mm. The diBeenUthtintioe of these cards turn* furthermore, brought 
■bout m change In the work In the shipping room whereby the preparation of 
consignments for transmission abroad Is facilitated 

WEoce the fiscal year 1587 there has been printed In Ibe report on the e*. 
chengr*, under the caption - Interchange nf Pub] lent ions between the United 
States and Other Ccnratrle* H u statement showing in detull the number of 
package* sent to nnd received from each country through the Internntfount Ei- 
ehiinge Service. Id most iterances, the statistics contained In these Ftate- 
mems iudtraiod chat n much larger number of packages were nent nbrmul than 
were rocked In mum. While it Is true that & certain il Sapor Ity exists, the 
smtetoenta were misleading. since, ua nit-rody explained, a grunt mtmy Lmckitges 
nr* received through oth-er channels by correspondents in this country In resurn 
for those sent through the J&cbango Service, In view of this fact, and ilIbo 
because she statistics contained In these itntemmts were seldom required for 
the use of the Exchange Qitfce, the keeping of the detailed record fn-m whlcb 
they were derived Las been discontinued. The time saved by this nm i 0 tLer 
minor changes in the receiving room bus enabled the clerical force In that room 
to keep the work required in handling and recording the Inrge number of 
Pielages received for tran^E^iun through the service more n «irJy np p, 

Mention wus made in the lns*t re|Hirt that the Orman iinthorltles had In 
contemplation the founding of an Institution ni flerllu ie furl her cultural 
rolalkins between Germany nnd ihc United ^tnlea, and that one of U* func¬ 
tions would bo the traiwtiiluloil and distribution of German tuchanp^ T p (# 
estnbllsdiiDent. which Is known ns the "Ameriko-IustlLur." was orgpjtirai in 
the Ml of lD10 r and Eh* exchange of pnblleatimts was Etikon up by It on 
January I, mil. On the lat tfit date the exchange 11 gem y maintain*! by the 
Smithsonian Institution Ul Leipzig nt the publishing hetjs^ of K:,r 3 \\\ aiorye- 
matin was discontinued. 

I'rltir 10 tlM* dJwoatlmiAt.ro of il* Leipzig agency the | ntmIuin(0 J)f |jQblu 
catlTOB bntwMn corns pondi-tits fn Lt.xctnhnrs nmi ilomnauU nnd those in the 
Tilted SlnEes was conducted Ibroi.^h Hint medium. In comidhuiro win, the 
iDaUttiHon's rcqtust. (lie Amerlkji lmrtltut tuia been pwd etmagh to aBsnmp 
ot ihe distribution of ituftae*' It. Ltnembpry. The Academia K. UJJlua 
ni Uflchawct—tb« di-poaltofy of n purlin I ■>! „f Uni led Stlh i es eovorumontnt 
rloeunnsms—hns Iwen approached with n view to enlisting Its w-n irrs h, the 
IntncbmLRe of P"blications between Roiitaanln nmi lit.- United States a „d It 
IS hoiHd Ihot the fl.-r.dtmj- may hud H ronroni PTh t to Imve this w (Jr h « m iii.-i H i 
under its atimploftSL 


Ti« Jn|«inofle oxchai.^ ncnxr and the dej^slinrr of B f lt i] m of Vnitf , t . 
t*tatc« Kavemmeotnl documents was transferred by ttio Jnpsnes,. Costumer,! 
dorlw Om Inttcr part of the year, from the Dopant of Fnroi^ "o 
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the imperial Library nt Tokyo. Tim rixmlur raffles of uffidal documefitk. us 
woS| ns nil publications for dlwtributlon la Japan* ait? therefore now forwarded 
to that library* 

Ail uppllc&tloji recutred by Elm Institution from the qnder secretary to iho 
Government of the lulled Provinces of Agm and Oudb. Allahabad, Indio, for 
copies of such United States oEiidul publications ns might k uf Interest to ft 
wns favorably ELeted tipon by t be Library of Congress; and that Government won 
tiiti.li.il to the list of those countries receiving parthil sets uf governmental 
documents. The first ^hlpmenL cottalotlng of nix boxes, wns forwarded to 
Urn urn lor secretary ckei Octobe r 11* I ftlO. 

Two esses forwarded from Washington la October, 1BI0 F contain lug exchimgetf 
tor ndj^Umwos nddreseeB In Now South Wales, wore destroyed In transit 
to tlint cHBtiiitry* ihe steamship by which the consignment was Iranemitted 
bating been burned at xml. The senders of the pneknges contained In LbesD 
cares were communicated with, nml It Is gratify lag to state tlm t It was possible 
far most of Ibem to supply copies of the loot pubU cations. 

The work Inaugurated in IWdS of actively seeking return* from foreign 
countries* for the exchange* spa! tn thetii by this Government I ms resulted dur¬ 
ing the year In the acquisition of Important collections of fuiblliuLttous for the 
Library of Congress and for several other establishments of the Government. 

About 10,000 foreign governmental documents of a Brails t Seal character, re- 
turned hy the Library of Congress ns duplicates, have been stored for seme 
time In the Smithsonian Institution. Those books were arranged nml Hated 
during the year under the direction of the aHSlstant librarian, while Ibt? 
Exchange Service, through which the docimiehte were received front abroad, 
provided the ex Em clerical ass! jounce required. Upon completion of litis work 
mosr i*f ihe iloenniente were forwarded re the Now York Public Library to 
complete Its series of foreign gOTEronjeUtni. publics UiUXb. 

hOBXIGN DEPOSITORS LH 01 UHITED BTATF3 flOVrUS IIEJTTAI. DOCUKEtf^. 

To Rtrardanre wlih i ready at kpn Inf Ions nild under the authority of the can- 
prof^lnuflj resolution!* of Mnrali IStSi. and Mn reb 2, 1901, netting nparl n 
certain number of document?! f,.r exchnugc wlrh torelgn countries there an? 
now sent regu'arly to abroad r»fi full sets of United Stah-s ollcial 

pnbilcat tons and 34 ratlin! h-ef, the tiijted Ftuvlncca of Agm mir| Oudb 
having Ireen added during the your lo She list of countries, receiving tmrtlul huh. 

The recipients of full and partial sets are as follows: 

MEJM«9T«;E3 or 1TW- HKTS, 

Argentina: >ILn3stcrio dc Helfldones Efftfrlom, Buenos Aires. 

Argentina: Blblfotecn de la Unlversldnd Xnclimal de I'ji Flata. 

Australia: Library of ihe Commonwealth rarlinmortc ilellioum^ 

Austria: K. K. SrulLstlwhe Centrat L'ammL^loii, Vienna, 

Radun: Unlversitiits-Dibllolhek, Freiburg. 

ItjuarLa: Konlglicbe Mof- und Stuats-Rfbnotbcfk, Munich. 

IVeEglum; BlbllolhlKluc Hoy ale. Bru^lm 
llni^ti: Blhlti'tljpcci NadoEmb Blu de Janeiro. 

Cnunda: Parltnuientufy I.ltmLry, Ol tnwa. 

Cape Colony: Govvnuueitt Ktsitlonery Dt’iartinent Oipe Towtl 
C tille: Biblloteca del Congreso Nacloiuil, NantEago. 

Chlnsi; Atpcrienn-Chln-pKc PtihHcailon ihccbmife Deliartmetit, Shanghai Burecna 

i>f Foreign AlfaSrs, ShaaghuL 
Colombia: BtblloteCA NnclonaL BogOtU- 

Cosaa Hlea : Oficina dc DepGftito y Caojc de ruhllCnclbncsH Bin JosA^ 
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Cuba: Sucremrin do Kstiiilo (Awnitou Conor bIm y Cunje Internadotuil), 
llabann, 

Denmark: Koupollge ttltiLMhokoL CQiwoM^n. 
lUigEikUd: British Museum, London. 

ji^Klnnd: Loudon School of Economies and Pol I ileal Sdfiflce* London* 

Franco; Bibllotb^uo N'ntto»ale t Paris. 

France: Prefecture dc la Seine, Pari pi. 

Germany: Deutsche Relcksra|E^BIbn(>t|]CJc + Berlin. 

Greece: BlbHothiHiue Nationals, Athens. 

ITaiii : fteotf i a Irafle d'etat des Relation* E&tC+rleurei?, Port hu prince. 

Horn kbit = Hungarian House of Dolepmteflh Budapest, 

India: Deportment of Education (Boofca), Government of India* Calcutta, 
Ireland: National library of Ireland. Dublin. 

Italy: Blbltofeta N&ftktfuile Vittorio EjimnneJo. Rome. 

Japan : Imperial library of in pan* Tokyo. 

Mimitobn: Provincial Library, Wltudpog* 

Mexico; Imdltutni Plblloin^floo, HIM lu-i eta Nadonnl, Mexico. 

Netherlands: Library of the States General. The Hague. 

New South 'Whies: Board for International ELsclmuiccft. Sydney. 

New Zealand: General Assembly library, Wellington. 

Norway: BtortMagets Blbllothek, Christ Inhtii. 

Ontario: Legislative Library, Toronto. 

Perm Blhlloioca NachjnnL Lima. 

Porttfgnl: Bibliotheca National* Lisbon. 

PhimIa: KfrilflicbG Elbllothek, Berlin. 

Qtwbwt; Legislative Library, Quebec, 

QtntodiPd: X^rlhimentnry Library, Brisbane, 

BuiaU: ImperLol Public Library* SL Petersburg, 

Saxony; KSnlgtldie OefTenlllche Rfcbllothefc, Dresden, 

Serrin: Section AflmloSatratlvD du Mlnistftrc des Affaires Btrnng^m, Belgrade. 
South Australia; Pmrllnmantjiry Library, Adelaida 

Spain: Servldo del Cambio Internadounl de Pnhlloadone^ dufiw Facultative 
de ArehlTeroa, BlbUOtKOiiCH y Anjurflogos, Madrid. 

Sweden: Kxinp]|c:i R ltd lot eke t Stockholm. 

Switzerland: BlblEatliik|ti» Fldirale# Rerna 
Taamctnln: Parliamentary Library, Hobart 
Tmunil; Government Library* Pretoria. 

Turkey: Department of Public Inti traction* Ccmutaullnople 
nmgmiy: Ofkdftn dc Can Jo T a tornado Ml do Publ lea done*, Montevideo, 
Wut'XLieIn : Ittblltfeca Nncionnl, Orilras. 

Victoria: Public library, Melhotsrm 

Western Auttfri Ha: mb I k; library «f western Australia, PcrtiL 
Wflrttembers: KBnJgUcfte t4mdeflbfb1$otbeh + Stuttgart. 

imim* trout» of i-AHtidL aETAL. 

Alberta: Legislative Library. Edmonton. 

AJHKe-Larrnlnp: K, Minfcterlum fUr El base- Lot brings, ^irarabiirg. 

Bolivia- lUnlfcterio ColonIsnddn j Agrlcultura, Paa, 

Brcoffn: SenniBkommlHdoii EHr Reii'hs- imd Anawiittrc Angel ocenhet ten. 
British Columbia: Legislative Library* Victoria, 

Bulgaria: Minister of Foreign Affair^ Soda. 

Fey loo: BdUhI States Consul, Colombo, 

Ecuador; Biblioteeti Nnctonal* Quito. 
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Egypt: EJEdkithfriuc Kb^ll virile* Calm 

Guatemala: Secretary <*f Ihe Government, Guatemala. 

Hamburg: SeimlHkoimni&dob flit die Iteichs- und Aiiswiirtlgeu AEigviej'cnhelleiir 
Hossc: GroBsherzogUclie Hof-Rlblkthek, Darmstadt. 

Honduras: Soerotnry I ft the Goveramcbti Tt^dtolpa. 

Jniuiiku: Colonial Secretary, Kindlon. 

Liberia: Department of State* Monrovia. 

Ijciurvuf^i Marquez; Government Library, I/rorcnco Marquess* 

Malta; Lieutenant-Governor, Vulettu. 

Montenegro; Miniature dcs Affaires filnmaOrof* Ccttaje. 

Nntal; Colonial Secretary's Office, Pietermaritzburg. 

Kbit Brunswick; Legislative Library, St, John, 

Newfoundland: Colonial Secretary, St. Jobn'a 

Nicaragua: Super In tcndcute de Archlvofl Nmdotunlee. Mel mi gun. 

North we st Territories: Government Library* Resina. 

Neva Scotia: Provincial Secretary of Noya Scutln, Halifax. 

Orange River Colony: Government Library, REoemfontebi. 

Panama: Secretarte lie Rdadoow ExterLorea, PannimL 

Paraguay: Oflclna Genera] do Infolraadone* y Cnnjea y ConimlHirin General 
Re InnilgracEon, Asuncion. 

Prince Edward Island: Legislative Library, Charlottetown, 
lteuiunata; Academia Rtnimna, Itucurest. 

Salvador: MlnlEfterte de Itelaolougs Exterlorcs, San Salvador. 

Slam: Depri rtment of Foreign Affair®, Bangkok. 

Straits Settlements: Colon In I Secretary. Singapore. 

United Province 1 * of Agm mid Omlh: Under Secretary to GovetMrtiit* AllntatauL 
V letilLd. : It Elrjjrrtliel Hi t H h t 31 n u pi - u ml Ito*l i U m a -S U i.all. 


□TmPjVJtLIAUENTARV KSCIIA2TQE QY T1IK OFKICTAti JOVKtRi 


An mentioned In previous reporta, a resolution nf this Congress was approved 
March 4+ IDOD, selling asrkle eueli number as might be required, not exceeding 
100 copies* of the dally Issue of tbe Congressional Record for exchange, tbrough 
the zigniity of the Smithsonian Institution* with the legislative chambers of such 
foreign governments as might agree to send to the United State* In return cur¬ 
rent coplea of their parliamentary record nr like publ teat Eon. The jitupoee of 
IhH resolution was to enable tbe Institution, ou tbe part of tbo United States, 
to mum fully carry Into effort the pto>idaik& of the convention concluded at 
Bruxiela In providing for the immediate exchange of the odtehil Journal, 
The Governments of Gao Argentine Republic, Denimtrk* and Great Britain 
Late entered into this exchange during the year, A iqtd^ete I Ear. of the coun¬ 
tries to which tbe Congressional Record Is bow font is given below: 


Argentine Rcpu^lc. 
Australia. 

Austria. 

Radon. 

Belgium, 

Brazil. 

QfiuAila, 

Capo of Good Hope, 
Cuba. 

Eton mark. 


France. 

Greti t Britain. 

Greece. 

Guatemala. 

Honduras* 

Hungary. 

Italy. 

New South Wales. 
New 7#a land. 
Portugal* 


Prussia, 

BOODHBlli 

Runsfa* 

SerrhL 

Spain. 

Switzerland. 

Transvaal. 

Uruguay. 

Western Australia* 


367^1°—sm lDll 
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There are nt present 29 countries with which the Immediate exchange of 
tin* official Jqnmal li carried cm. To sonic of lhe?ie countries two copies of 
lho Congressional Record nrc? scut—one to the upper and one to tho lower 
house of porlLatiieiiT—the total number transmitted bstag !M + 

It Tnnx be mjHaited la thin ctmceetloti that the exchange here alluded to to 
repanitn and distinct from the exuha&ire of nfflclnl documents which bn a 
i“iEsto] between the United States nod other countries for many ycnr& It 
Us biterpnrlbirricTifniT, find provide** for the Immediate l nLORmionLoa., direct by 
mnll, of the official Jonmni an fooo m published. 


i_lst or jjctoeaub ob AoorciES thbougu wmoii exchanges abe TKAffsuims. 


The following la ft list of bureaus or figoneieo through which tin? distribution 
of exeliiiuges La off ncivA. Those Ln I he larger ami tunny in the smaller eoimtrlea 
forward to the PmlthaoiiEnn InuiUtrtlen, in return*, con Irlbu Done for dlrtrlhutloa 
In the United Stales: * 

Algeria, via France. 

Angola, via Portugal* 

Argentina: Condsdbn Protectors dc Biblloteeaa Popular®, EeeonqUUrta 535, 
Buenos AS res, 

Austria: K T Kl Statist ische CerdrahComnilssloiu Yleuptu 
Aawjfva. vln Portugal. 

BarbaEloa: Imperial Department of Agriculture, Bridgetown. 

Belgium: Sen tee Beige des Echnitgcs internal louaux, It no tfu Mos£e 5 P Braf- 
sels. 

Bolivia: Oflclnn Nftdotml de Efiiadltsfcica, Lit Par. 

Brazil: Sm'lco de Pewmrtiiete* liiienaaclonncsv Bibliotheca National, Rio de 
Janeiro. 

British Colonic: Crown Agents for the Colonics. London,* 

British GeiL attsi: Royal Agricultural and Cmnnierclnl Society. Georgetown. 
British Ihmduitia; Colonial Secreting, Belize. 

Bulgarin: hisclinElons Sclent!flque# de S, le Tto! do Itnl^rle. Sofln, 

Canary Island*, vht Spain, 

Cap* Colony: Government Stationery Department, Cape Town. 

Chile: Serrlelo de Cnnjea Internationale*, Rlhllotecs Nnclonnl, Santiago, 
Chinn: Zl-ka-wel Olfservntory. Shnnptml. 

Colombia: Oflcina do Cnnjea Interuaelonales y Itepnrlo, BthHotom NnrJonal, 
Bogota. 

Gw*tn RLcti: Oficlna di^ DcinfiMlo j Cnnje do PuMScaelnnea, Snn Joed, 

Dcnntark: Kongellge Dan^kc Vldennkaberncs Selakah. COpMihncviL 
Dutch Gninnu: Surl nun roadie Koloalak? Blbllntheek, Paramaribo, 

Fk tiudor: Mini sterlet de Belodotte* Exterlorwi, Quito. 

Egypt: Diredor-Geftenil, Survey DopJirtmonL, (ilza (ttofflrta).,, 

France: Service fntbfillfl defi Fchaupr* Intemationaar, 110 Ruo de GnndJe 
Paris. 

Germany; AmerDubltUfUtut, Berlin, N. W. T fc 

Great Britain anil Ireland: Mwunt William Wesloy A Bon* 2*s Ew*x Street 
Strum], Tendon. 

Greece: Blbllothfique Nathalie, Athens. 

Greenland, via Denmark. 


*Thlii ttflhd l» rflijjlojpd for rtonnnitaittaa with if^ie nf 

With Which bo unt'dl uni la avallabk tot forwn nlin^ nchaficM dinurt. 


Use Hrillah etiluftlca 
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Guadeloupe, Tin France* 

Guatemala: Instltnto NAClorui] do Va roues, Guatemala. 

Gained* via Portugal 

Halil: Secretaire d'Etnt deft Relatione Bvttfrleure*, Port uu Prince. 

Hoodural: Blbllot™. National Tegucigalpa* 

Hungary: Dr. Julius Plkten Municipal Office of Statistics, City Hull* Budapest 
Ireland, Tin Dtiamnrlc. 

India: India Stare Department, India Office, lABdon, 

Italy: IJfflcEo degt! ScnmbE futertHusionnU, RibJEotecii ^nalonnlo YttltirSo IHman- 
nele, Rome. 

Jjiiiui Lea; Institute of Jamaica, KEngrdoiL 
Japan; Imperial Library of Japan. Tokyo* 

Jam* via Xctberlanda, 

Rfstea: Ills Imperial Japanese Mujetfty + a Refiideocy-OeueiiiJ, Seoul 
Liberia: Department of State. Monrovia. 

Lourenco Marquess: Government Library, Loiireurjo Marquez, 

Luxemburg, via Germany. 

Madagascar, via Franco. 

Madeira* via Portugal 

Montenegro; MluM&re de# Affaire* fitrsnKfcre* Cetinje. 

Mozambique* via Portugal, 

Katal: Agent-General for Natal, Ijondou. 

Netberlnnda: Bureau ScEenimque Central N£erlnodnLfl h UlblLatbCqno dr VUol- 
totbIBI Leydeft. 

New Guinea, via Notberlands. 

South Wales: Board for International Exchanges, Public Library, Sydney* 
Now Zealand: Dominion Blwnnfc Welitrtgtom 
Nicaragua; Mlnlsiorlo de Relational Esterlftrea, Managua* 

Norway: Kongollgc Noroke Frederlhs Unlvcrsltet Rlbttothefcei Christiania. 
Panama: Secreinrla de Iteladone* Exterloros* Purtnma. 

Paraguay: Minister!o do Relations Es tortures, Asuudon. 

Persia : Bonn! of Foreign MMuna of the Pn-Bbyterlnn Church, New York Oily, 
Pern: Ofloluft d& Ropnrto, DepAalto y Gan jo intemnelonal do Publtcao tones. 
Mini Pterin do Foment o, Lima, 

Portugal; 5ervl$o de Permurfu^i Tnlernaelonaes, Bibliotheca Nndonal, Lisbon. 
Queensiund: Board of Exchange* of International Publications Parliament 
House* Brisbane, 

Russia; Commission Rusae de*= Eebanges iUterautltmMX BfldlnUi&qtie ln^ 
p£rlale Publlquo. St. Petersburg. 

Salvador: Mlnlfttorio do RelacJonwi Exterlores. Sftn Salvador. 

Herrins Section Administrative du Minister* des Affaires Etratigfrwi Belgrade. 
Slum: DeporLmenl of Foreign Affairs, Bangkok, 

South Australia: Tubllc Library of South Australia, Adelaide* 

Spain: Servlclo del Cambio Intermiclonal de publica clones Cuerpo Facnttatlvo 
de Arcbhem^ Rlbllotecariog y Arque6togoB T Madrid, 

Sumatra, via Netherlands, 

SwEHleti: Konglign Sveosfci Yelenskaps AkademTcu* Stockholm. 

Switzerland: Service deft Frfmnges Into mat I ormuz, BlbHotbfiQUO FtSdfral* Cen¬ 
tral*, Bern. 

Syria: Board of Foreign MEraiena of the Presbyterian Church, Now York. 
Tannnnln: Royal Society of Tnpmnnln, Hobart. 

Transvaal: GoTornment Library, Pretoria, 

IP • 24444 
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Trinidad: Victoria Institute, Port of Spain. 

Tania* via Pranct 

Turkey: American Board of Commissioners for Foreign Hlralaofi, Boston* 
Uruguay: Oflelna de Canjo Internadonal t Montevideo, 

Venrattela; BlbUoteca Nackmal, Caracas. 

Victoria: Public Library of Victoria. Melbourne. 

Western Anstrulln: Public Library of Western AnatimHo + Perth. 

I mny add liorc T op a matter of record, that I vu appointed asAtaumt Beer* 
tMrj In charge of Library and Exchanges on Juno 1, lt>H, 

Respectfully submitted. 

F. W. True, 

.Ujrijfuai Eecreiorp in Charge o/ lAbrury and Erchdftpc*, 
Dfn Charles D. Walcott. 

tocrcfory of th$ Smiiftioninn ImUtuthn. 


Appendix TV. 


BEPOHT ON THE NATIONS ZOOLOGICAL PAllK + 

Era: I Imi'fs the honor to present herewith a report of the operations of (he 
Nationnl Zoological Park for the HfiCni year ending June 30, lfill. 

The general appropriation made by Congress for that year was $100^000, and 
In addition to this an appropriation of $15.1)00 wan made far funds and walks. 

The east of tiuilnienimcc waa sod the n mount remaining from Hie 

general appropriation, $1S.CT5, we a expended I n various Improvemcnta and 
reiislrs, 

ACCESSIONS, 

Among the important ncceftrfeim of the year were a pair of Hay tin n solono- 
dons, a rare taaecUvurous mammal, presented by Mr. and .Mrs, Franklin Adams 
of the Pan American Union. A ^iir of northern fur seals wns received from 
the United STntt* Bureau of Fisheries, a line female strliKJy hwr from MnJ. 
TL O. ltenson r acting mipetimendent of the Tctiawmone National Park* and 
four Virginia doer from Gen. Jutn-ph. S. Smith* nuiunger of the National Soldiers 
Home, Bu*gnr f Maine. By imixhiiso, the park obtained a hlppopotamua, an 
Enst African buffalo. three prong-born antelopes, fl pair of reindeer, a large 
A tain tic mnenfiue fiwn^ itirf various other animats. Some important animal# 
were nlR> obtained by exekauge, as noted below. The accessions Included about 
twenty species not before represented In the collection. 

Early in its bl*inry the park exhibited for two years a hippopotamus which 
had been received is n loam Since that was withdrawn the n-pecias has not 
been represented in the collflcllom The present animat, n female about 2 yeans 
old. Is from East Africa and weigh* S50 pounds. The buffalo was captured In 
German East Africa and la believed to be the form described as Buffelu* 
neumannL The African buffalo ban for some lime trfw rather difficult to 
obtain, and the park was fortunate Ln being able to secure a specimen rit com¬ 
paratively small cost It was also fortunate In obtaining In western Texan n 
DjjL3o and twft female prong-bom antelopes, all adult from which two vigorous 
young have been bom. Through an animat dealer on the Fttclflc coast the large 
brown macaque monkey of southeastern Asia and several other species new 
to the collection were obtained which had not been procurable elsewhere. 

ElCnAHOB, 

Surplus animals were disposed of by exchange as usual, Ln accordance with 
the terms of the net establishing the perk. They were sent to the New York 
Zoological Park, the Tandem Ecological Garden, and various dealers and private 
Individual:*. In return for these, the part secured n number of Important nni- 
mnls, including a due specimen each of bontebflk. blesobot* and springbok, a 
mnti intea ter* a pn.tr of tenrecs (Insectivorous mamumlH of Madagascar), and 
other mnnunal* and birds. The hanlebok and bl«sbok, which nre very beautiful 
African antelope*. are especially valued, as the former now exists only m a few 
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flemin'iM befd* En Cape Colony. 300 Individuals perhaps, rematnEng from the 
M ihousnutla upon thousands" described by early him tern In South Africa, while 
l He I Litter lias been greatly reduced In mimben; 

Whenever ponsRde, direct exdtangft wns made, but where the person who 
desired to obtain an animal from the park Lad nothing acceptable to offer* 
the eicbniigo was effected through some one of the responsible dealers in 
imlnmK 

Dlat-h-erowuc^i nEsht Herons Lad bred so freely In the dying cage that It be¬ 
come n necessity to ninterHilly reduce their number and some wore wit (un gifts* 
to the New York Zoologies] Park, London Zoological Garden, Lind the park 
il^mrlinenlii of St. Louis mid Rochi^ter. 


Animal* in the collection June 3&, 1911. 


MAMM.YLH. 


OrkeT niHsakfry {CAroaptfAMl 
Umn manicey (r.'ntupieA^i'iu raJJttri- 

W^bai monkey {fiarirtpii&rcttt irvrui)„ 

Ptnnn monkey (Crr»j»ll^«tu 

E*&Ey nuLnff&ljcy t £"* fcwcfrir# JitUuina- 

WliLtK-nilliiriJil imiDEitw; {Gtorcatvbui 

coEiarif J _.__.._, 

Ikam t iel-irlIepj t, lMifflctiJ Hn^i) n .. 
UacfHiui? menlH-f nra&flitfl- 

PJ-lajln] m.inkcjr f Afaoaebi tirmairi- 


3 
IS 

4 
4 


Rh-filLLi mnnSt^jr \Star*rnm rhr*W}^--^ 
Itruw-Ji tnsI'aqiiq fifElOTf'NJ a*Tfald»}„ 
Japan** 1 * monkey ^ ifucuruji 
roriaaafl □ racIc-Eoacinjiiis (MccVmt 

ULufk np*r iGym&pith€CM* filprrj_ 

Anahit hflboou (Papia on u bit \ 

Ea&r African Lafoxrn *Fdpl» rpnQHTtpk- 

Chacraa [Pnpin peffflriw)__ _ 

Mandrill (Pdjiiu umintflpn„„„„«_ 

Uritl (Ptyfo lr*mpAiru#)__ 

fifty l|t|ilrf liMsaljfj [A felTB 
Wldir-ltini.in-d c*pucilia niuuk^y (f'cAui 

hy polrucu*)_„ _ _ 

Bhiwb monkey (Cf&Ni /qfyrriuji 
Weeper mnrikir tc&u* ^prctavii— - 

Rttffe4 (Lrmur tarinil_ 

RH.fi talkxl lemur llfiniir 

Tcnree (Cent*!** HmitfftilJ -- 

Fe^ftr JUfftr (3%atfrvfu moHliiflu*^_ 

Eur^fptaa br^Tfl bear (f'riusj crd«lL. 

Kadlfi k bear i &>i uf mddrfettda-r.Qti _ 

yutulnt bear |b>viii amu} _ 

AJjqukati bt&wn Mr |t7ri*w pj/oj ( 
Kidder's Mr ffrmii fcfcMrrni 
ilLmaliiyan tieur (l/mfi 

CriiMll 1 Mur itfrwf AorriMfii) —__ 

BKul bftflf iLVJttf HmrrifMnm.w) _ __ 

Ctemanwin bnr Cl'rjuj a mrrteauiu j ww _ 

ItEoth bear (Ifrlunui - - 

KSnliii^jU |f?rtYOF(7i^ 

CUGnJftttft rJ?tfi«i?jnkrae OTJtiifOJ_.__ 

Clray coailniimill < .Varna 
m««» \ I'mepii h lalerj 


Amerlcats iwdser (flarilw ajnrrfcgiM). 
Cnimnu. mkunk IM&km* m*phiUca\ — 

WtJYirLne | 0 *iki _ _ ___ 

Amflflsau umrian tlfuircta dwcrifUHiij _ 

Vlehr-r i! 1/ u*t*l*t p4nwu|K^__,_ 

CuJuuiuh ferret IPuEiiHui imtortiii) _ 

lEl4rk-f£Kiird fiTret [PiLierUa n(pHp«l_ 
ttorlb AtucrErau etEw (Lh1i-u e>mudm- 

*U} - -—-*- 

Edlffift itaj (Tijji£ i fumiluiri*}^ _ „ 

Dldin (C?anla rfbt^oL—_ 

tlraijr wolf imni* 

hlact w<slf {Conti _ 

I'OJfOta ICdllif fu f rdiRli } .. ____ 

WchhIHouh'b eoyote {Caul* fru*tror)„ 
Crnb-wiLlng dug cdUrHrami). . 

Red fm {ftrfjHtf poiMiffmnJoH}— 

Swift fci ( I'uJpr j rti&x i _ _ 

Anrti* fai < Vilippj ittpapu*\_ 


Hr^y foi f£fra^oji c*!f rco^t^mtrtiM 

SErlrnc-i byroa lUy&na ttrintn) __ 

Africrm palm rt tYimru Hvfttn^ 
Cwaman stnet tfJrrtrtlo peartfa)„„ 

«iuJhh Mim {Ftiu i**y. _ _ 

KLIliuasijnra Han iFtti* ito eaEmb^n- 

_____ 

TltfPr (frlfa ____ _ 

Caagar (F«Mv orepan^juX* kip^lmte*} 

Jn^ruar r Frail OBOO)-^____ 

Hrxl»n fnffuar (Pcfli nac* poldmufl 

bropant E^eWj pnrduwt^ ____ 

Btadc Impard (Frlii pon 

&ervBl l PeW *ert? H i|___“ 

0>CeloE I i'fliM por^aJAt) ____ _ __^ 

Canada Ijm (^ vtu mmmdc**u]l __ 

Buy Ijni 11^? __ _ 

Shotted ly»i (Lpfir rufm fexer^L- 
llurldA lym {Lynx rufnw ftaritiQ haj) " 
^telLi-r i sen Hod IRqjHefapiw rirJ/oHj 
California ik-b liau tZaiuph Ul roftforn l- 
hb um \ _ 

narbor ted (PAac# 

Fm •atlirr*! t&rimru* ntQtrj^ 


4 

1! 

1 

2 
1 
1 

3 

C 
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4 
6 
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2 
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2 
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a 
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10 


^ , ■ -- — - _ _ 

Wwrsru hi Mialrni (Mini 

___ _ _ 

fi«Jf -lfl!rreJ fAWnr*.’ *1 

«l 4 ck “Jilrfr! (Wetara. ntr»IU<m,b)_ 20 
1 rnlrJfl 1]^ lydaridanut) _ 7) 

Alplnut Wirnjul Unr/amy* mumcfio). « 
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Wooddanefc (A nrton **1 **««),„„ 
Am*v]cM-U lifiifef (CiM^r cuaade*rUU 

C&jpil <Afy<M?Otfl7i* MjypMU)- 

lluthi-vunifa jfltoWd'ejJ-- 

Indian porcupine I Hariri* — 

MrsrScab □£>.! l 3 t L (DditnmMrfa pnp#fciijiflj 
Amrm'i fligotlli [ Bcwyprorfii iirarw)- M 

Golden agouti (/Jaiyproctu a^urtk- 

HnLrj-nimpwI B^Htt t/tiurtirwld 

-.—---- 

Pnca < Cvlvtjwff4 fwtdtfj--- 

{lutuM pis (6 p erla CuGui) _ , _, 

I'a ca^unliin cm 17 E £>af icAo 11# poftipu' 

Him) -——— 

DOOUtfle mMjSI (£ep»if C-UiffrUfull- 

Lupe Itjrm (/Vwtiria 9VWltJ„™ 
Indian elephant (Elrphnt thojt1.riM 
Itra^fiLaa tapir i^'mjtlrui aUcritiffftSI) _ 

Ghpry*ft Sbfbnn {Jftfuu# prevui> -._ 

Zebra-donkey hybrid (ffftfllf (preepi. 

diliiu^_._ 

CrusiiCiMbr* fF^au* tafroMTi gramMy- 
CuH,irftl peccary f Dicirtpin Anyu rn t at ) _ 
tVlid ktastr fWud terttfiM) ___ _ 

Northern wart lioff (FAimtenil nfrt- 

HH04) . —— . T - 

UIppopjpttuDui amphi^ 

¥ 4kJ > —, „- — 

Guauaco {Lomu 1 

Llama {Lama plwig) .■. -..- __ _ 

Alpaca fLflM-S —— 

Vicugna (Lffmo 

Rnelrbua camel (C'Eimdui baclHuntu}^ 

MuntJttC £iW?lfbf* RII44/K) — --— 

Baiiibar deer (Cm Ni 

I'M] Ipp I h i- iwr ( Ccrr n* pbHJpptfn ur i 

ttwr tUrrrm* p'jrrtiiijl ___ 

Ila,r4f*ifiaba deer fCm ui durdaertfiS _,„ 

Axil deer (Crrrul __ 

deer (Cermi 

had deer \Crrtur rlaphu* 1 .- 

American elk fCfrtnJ 

FtdEflW dwr <Ccrriu damn) -™ 


European blackbird (liquid: mrruiflU 

Ca third 4 It h mirtrlla cura!fjnm*U) 

Rn>wn tkaihtT (Tdxoi/orid rv/sut > __ 
jHpanir** rubln (Llot&rtr fulewi)_„ 
LaughlDK thrush iCunfidioj EniHto- 

Oransc-checkcd wixblll Iffilrrfito mrfr 

pods)_ _ ____ 

ftrduli.'btcw (Fifrrltlq juAirjiInfli» „ — 
Cutthroat 11 rich tAmoifinu farvivto} — 

Zebra fcinch (.1 riei dfnj tiur d nuHt)._^_ 

R1iiclcbt3c3«| duck (Jfwafd alHca- 

pilia\ ___ _ __ 

Wil l tr^bee iltHj finch Jifuitbl ttid-Jd) ___ 

Nutmeg Marti (Mmmid pincfuidr*ai — 
Jira t-pa.rn.iw j ,U wnio «rv*J(rtn^) nK 
White Java ip arrow (ifimja er^rf- 

CarvQBi flnch \PaPpAUd riaCla I 

Bearded flnrh l^rrmQpAI/a fj»4 _- _ 

llldifMfif weaver *. /'&u >Ua rwt^eriH- 

Curifniii 1 -__-.- 

tlvd-hlllcd weaker iQuc Era fiwbd)-- 


& 

1 

Ll 

2 

41 


3 

t 

l 

I 

l 

IO 

5 

a 

is 

0 

a 


Relttdftf (ffqJitfiJ'n' (drflMrfikr) -—- 

Virginia dwr (QdiM4lfi4 rtn^iMq aiuJ_ 
llule deer (Odocoiif ut 
C&lltmhEan bli^4illcd ilecr r £1 dura fJt-uf 
«lnPibb)nM(l ——— a. -■ --■ - ..-. 

Caban deer (Odocailru ep.ii —_— 

I'nitv^-hum aateln[be iAttfflSk'cipnn amrr- 

Cuke'a hartebeest (Jluki/lr cafcd*_- 

Ilc-eilf-tttik yDumtilltCu* p^qr^iU]-_ 

Bleffsktk {DamoHtous alblfruri*) .... n 
WIiLle-tnlli >1 eBU i fVNnirt-ftirrt -M d|ttttl__ 
Defiutw WMtrrr hack [Cdbm dc^tuf-^ 
Indian anFelajw (Amiifape crr^tpBjKm). 

Sprlnghuck (A alidtu'cet t uchum _ _ 

Grab I'M if^eeWi praarfi -- 

Nllsal fflflirtapkw ln?ffDMinf2ift|- 

OuDgo tuirnrfHd anlelope 

Flit African eland {prfUJ naHJid puf- 

lerBeafuii«#|_. —_ 

nurdftis 1 L‘ uj^V'i] prn frqtTWJ |___ * 

Til Elf { £Jf* Jinlpin /cnltfit-M) -— 

Cemmon [p»it {Capra Afmal _____*„ 
An^orn fffiat tffliircL hirtu)-- 

Barlinrj sheep lOHf frd^rI^Apui___. 
Barbados ihecp (PH* ijrW-fniyrtd- 

phum^ --- --- 

Aron (Jrm 1 — 

East African buffalo rFu#c?ui ics- 

Zcbu (JtfhM _ _ 

Vak crer|A«ijjiij prmmmtM j -- 

Ararrlrtlt lilwup rjtilon wuicrirwntU) 
Hairy irmndllEo {Dawppm rilfelH^.x. 

WaiLaran (Ifticrepiu mbwifu'l_ 

It^l neclud willAhy I Nacrapu* nd&H4- 

llnsah-tailed reck bafAroe f Pflroytt le 

lirulrilhzEa j - _ , imm , w 

UrglnlB cppcpoin iEHJr^Asn otunriy^ 


Bltiba 
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A 
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2 
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1U 

fl 
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4 

a 


wfijEiab weaker CFWaa pdrsdUc*} ... 
I'AlnEed hnatkmr I printer ijio clfb l_^__ 
lEcd-rreited cardinal { J'iar«- icj rfu cm'uE- 

IVuinum cardinal i Card tiathi card(- 

*alt#> „ --- ----- 

Rose-breaBlrd ur^^bclk (Zanelndfd id- 

^Eiklb (Fpiaa* ej>fn«i} -- 

European ETMldAuch fCdrdurf£( rffr 

ptii»> -- — — — -- 

YrllDvr IbmozajvT (EmUeWra eClHacllai- 
C«Eniq«n rntmry (tfrrtttttt rnsarfuU- 

BullClndi (FfrHMa fHftptfii),- 

Cawbtrd (ITefotArMi alrr|..... nn — 
I'urple ^rae-kte l yufjenli## yv»rulm __ 
Red-winded blaeljblrd \ Apt lain* pha- 
w^'ca-ij ., ' / _ ; ;' \i~;' : i«.i. 

OoEmaun mynah I A crfdet&rf* * JrtiJfa} . 

Ixiimpean raven (Corrit enKttr)_ 

Aicii'tEran Ifflmu e&nu eiitu- 

Blua Jay (Cvoaocffla Arlvfalui_ 
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AXSUAL REPORT SMTTHBOJTTAX IXSTITITIOJI, 1911 , 


EurLrpMS magpie I 

AiMfiam ncpta \P*ta pica hud- 

HpLng crow {Gwfnnerhina 2 

□ Line kingiiitior 1 

fralptillf'Cratod nS 17 kal.no (Curat mi jjiiS- 

__„ 3 

While cockatoo fCoeufafl alfm)_._ 0 

Leadlunitar'a coekaKm (Cuwt wi lead- 

tedte «i)_,____„__ 1 

Bbtmfw] cocintoo ((.Maiud 

—_____ 2 

Easter* cockatoo ICdCulua tcucfco- 

piiku --- , , 3 

Gantfja*tf cockatoo 

onica turn Jj__ L __ _ 1 

Yellow jiiiJ blue Wien w fAra arunau- 

*»>-—--—- a 

RH Anil yellow ami blue macaw (Jr* 

Bio^ia) »__ • '_ ■ 3 

UmI and blue nuoff iAr% rAJorou- 

tmi| -—- 3 

Great green m*eaw {Am miKfcarU.l __ I 
Kjm lArtfor i 


Mexican fiiuttffl ICoauruj Aeler^larui) 1 

CfeetriLbn paroquet iConutaprit mfo- 

_ , _■„ _ ___ 2 

Tot! pnrrnkeet i It rofoflcrw J Hyy tort* J _ 1 
Ctihofl parfot S JJHMN* Imra ccFfidJo) _ 2 

Orais^*-w Lsts^il Atnn«m u»i' 

__1 

Fnrto tiknn amanao |^inffj#i|i] cit- 

Y^lii-W bJarHiUSurrit ARMEftCL iAmnzniu * 

wA^prmB) u __ 2 

Yellow-fru a Led UBMaa (AM£«iA nch- 

rowp^j!^ _«_ :i 

YtilttW. Ik- ftOft] *■raiuon i A bi ua n Irm j i . 


l|HI*f)“——- -- 1 

I*swr tun p*rf«t (Car*nip*b nitfru>_ 2 
l^IpKin f*rmifFE iPoisonit wlan- 

baidm 1 

Lore bird M^nuor*!* pwffuriop3 

Cr«Q pirtufcrct {tDrtmJej ip.)__ 2 

J’etUULnti Mrraknt (/'111 fjrocroui de¬ 
em > __— - —---« 1 

Pule-headed piirratLVE i P^rvrrrciu p#|- 

ffcflecju p ______ _ 3 

8M3J MtrmlPtt | i/f topil tfoctij vm4u- 

latu* j__,_.__ J 

(Srait burned 0®l rtrpta&inwr) „ 13 

Arctic hcitntij uwl (ti*to cSrptu Pm *i 
wbarcHru*) ____2 

flcr«eh n.*| iotui 4 *i *__.___ 3 

finrneil owl (SWf wfiet____ 2 

Bam owi lAivnt pfd^nFD^) n ... & _ J 

Sparrow tukwlt ii'crJru aporm-hui__ 1 

U *14 uiCb (enrocr pbnJ u# j _ 13 

Aliakiui bald tajs!* (fiflffrrftf* Ututo- 

Kpidluj ult ) ____ | 

Sburt-tAlled *flfle i Ttra f AajriuJ *«aHda- 

tm*i —- I 

Harpf eeisi* harpy**} _ I 

CrnWilnJ bftWt tUpi - aPtv * tier * 

mJhj --- *4— _ __ , , 1 

Baat African bank ilivttu ip.|__ 1 

fied’tilled bAWfc (#win» tare«il t* > _ Jl ._ 2 


ftedjrfthoUlilAnd hawk (Bulf* Zl*ru(i«i_ 1 

SLarp-ahKnned hawk <Acr7l|Hlrr rrlDjf), 1 

Venezuelan hawk___ 1 

CerqTHFB if a uipLom * frhrrlif.j^|___ 3 

Lflinmurgefei 1 {(frfMtffri barbaluij _ 1. 

aouth Au^fIimh conilar {Hvttrhn m~ 

phiM* grttphuM) __ 2 

CaElfarnSa eoDdnr cqtifur- 

Nl4ttpi> __ a 

OrltTofi vultnra /nfcHf)_ tt 

KuTlitinn mUttre {Nttplmm p^-rnap- 

_ ! . ' 7 ; ; | 

Hli-ntei] t'ujture 1 

TUrkoj- Tultnee fCaWarle* «««)>„„ A 

Black Till turn il/uJAartfftf w™Wj__ 1 

KLti4f Tnlturt <c;i^flyia papa) __ i 

liJnu dovr {OJuriiAu poluia&i# „. . . l? 
Bed-hltled p^cois (CeldM^t /Ttfrlnii 

f He I------■-,. A 

WwjnUti doT§ r^cniiLfurYj nMcriMimil- fl 

VefUCTnl dure iflmprlta fran^*llia>_ 2 

Car# daTH [tsm cojh’jmIi}__.__ 2 

Creeled pLceau tOcvphapM toptote*) _] 

*'ha chul ar a {(H^lii rriuju).___ w j 

PurplEih. puan t^ritr/fipg pu^urai- 

—---* — — 1 

M«■ ^Irn□ euroetow {Cnu ylafitcnru]1* 
ChnpmaD^ curawT (Cmjf rhupna* i j T t 
LKanlwii toiri curuiQW <Crwj tfirnbrn. 
to**) - --___. __ ! 

ft r lld turkejr (.Vrleapni xfolFopqro ilf. 

rxttrt *) _ _ _ !S | 

Pcafowt jpm crtmtaiml , , „ 

Jungle fon] <<fatfi£t baakit+i _ i 

IteeTrt A pheajaal IPhualmw rerrcfO^ 1 

Chphlra pbeqianr 4 fA^um*J fa pfcta) _ w 1 

SllTcr phraiaai n net hem 

ertifS 2 

Blerk cock I' f.vruru* Hirtrj \ 

Kwropcflci qcall K'oEiimir roRiquiniii^ 1 

rinngqelan partrld^? iPertli* Vt ^HsK 3 

BilbwhEtB (ColluUJT 1 

ifuLi.11 tain ‘)' uU (Orcerfyj” jifofu)__ 4 

^«[l iCalUpfpla MQaam*i*y^ 3 

Cftliramla q ^u Uwh#rt Mr ^ 

■ ie#i . ____ 

liePiba quail (Cimtutj# # iRflR| f h m ^ " ! 0 

brple Cat) Lau^ | Awjriprh, r«r M j„ p _ j 

Blidt brtfk^ iallluule 

__ __ ^ 

American foot amerirnuu,," n 

1 ‘ U^bt ka» rah [ Ocifdrom ua aurtrdlifl) _ ± 

Cnmiuoa cnrlAUitt «Caring crUhta} 1 

l*m*l**nc crane CdmUttijfcrfdw J 

r^wbed Hine r /eoZ/*h<xi pg rc j _ 2 

fttiddhlD crane (Ortj w .tfjJcMn> . __ " n 

AnatnlNa crane (Gnu ttuitr atari. 

««a>. — „ _ 

IfUEM Uhlte r 7 JLDo 

Thlck kncfi ^Adlrflcmua prullorlfca \ ~ 7 

ftnr ur^fe* pusnm _ l 

mtctcrowEifd nlaM 

rui|»Hrt(wiiTrt«„. ' st 

IJiHe !>l tie Moron Florida , 

^SSSJ ^ ^ 
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Reddish e^rat (ftfcAro mu satin ntfe*- 

CiTflJ |i --— —-“ — ■* 

Snowy ^Frt rimd f ifE«Ji*u 5 — * 

Grant white heron iiltrotliQ* cirttUt) _ 1 

Grant tdae baron lAfcfcd taroftdf)— 4 

Boat-Mil (^ncraiRo trccfrfrnHd}-. - 

Rlafk Httfrk tCfrOJIid! qJfftrt). - - 1 

Whitt ttork (OteoJitH tfarnCa]- - 

Mstabuu llurk * JT.rj-iiTara tlHEdlij) —* 3 

Wood Ibis Ufptrfrriu a?rirrf^Ji 4 )_ 2 

Sirred, I 5 .li il lift aJAtoptoa) —--► 4 

While ibis iUticra ei*aj- - — * J 

Rouale i|Kioabltl {Afajti t/u/il)-— a 

European flji-iiiiftgo {PfcaAiintpftnil Ct*- 

Trtimp**fT awau {Old*" imeHnuf er). , 2 

mislllng swan (Qfar ariumbtaaiu).. 2 

Hole iw&u plfr&ut)_-— 2 

Uuhottjt duck (CrJirims — 2 

White ffiUffcoTj dude I CtrfrtM slal- 

tiJUrffl) -—-—«»-— —-® 

Wandering iTttMluek (BnidfWiflWS ^ 
cuuta) —-__---- T 

FolTCtti tm-dock | fiend iWMfia W- 

MlUr).——--* - 

Australian wnexbd us-k (t'JlMpftl ta 

--—----- 1 

EexpUbb |MH (Ofewtepex tftfKiff" 

iEpunt IMnra kmlcld filq#ea[Niif™k I 

OuiUdJi Root* {Urania enuudnUft).— S 

Hutchins's fig™ |Uranta corrodeiMft 

Huh-klAiffl - 4 

tdffldr idow smee [CM ^(w 1 h> 

tiftfitef niaaw [CM hfiperberaw 

niraJftl--r-- ■^— 1 ■ l 


ASHfrfcui wh [IE-fronted gfl«e (Aiuer 

a Sbifrtm* ^rawfrc , J 4 —-- fl 

Chines? rw?i* (-iftirr cypnaisfel) _ 3 

Itini-hcadied duck UfcriJa amtrinma)- 2 

Wnnd duck (_Hj 12 

Mandarin duek I UcwdftOMia 

fulflto) i--—i j T : j~'" ! & 

JHntUi lDu£Iu ddwfoU—-— tl 

ShGYtler duck tUpatulu elyjrnlgi- 3 

Uiuc-iAljifitd t«l (fliPTflifriWo lift- 

eon^ i' j ■* hi-——— 1 

Green-winged teal (YtfttfO* enrtilln- 
fflK) 


Black duck {AMU mfcrfpei}-—. 

Mallard --- 

A ftir t li'u £J whlLe [kllCAD ( Pf l^cKH i* 

frrlMfftykclOi)-—- — 

Enropean while pelican {Fetecmu 
unucrotetii* ) _^ 

lltiKat* pcM^B (JVfcedHBt fqtriM}-, 

brown pelican iFelrans in ociHdcnFufitj 
blldc-backed £Hll (J^irat wnrifluiS--. 
Herrin e pill (Lam 
-Idlpe-Lhlu herring gull {Lara* tirprsfn- 

lift ---- 

Unghbf eruJS (LoniJ alrlciJla) 

GlELR&I (SftEq: tuMJflJW) ___-____- 

FlorEili cormorant (PAflFsmjrtfir tfifrf* 

fm jfor JjAi u m i ________-_ 

Meikad wnnynsai IPAfllifrtcSnW nt 

pun mfffcflflij) ______^_ 

Water turkey i .inftfn^u 

Sotnill »trlEtl S Strvthto muflyhrln- 

phdil«f)___ _ ____ 

Comceqa eawowtry COaJuflriwj Prtlru^ 

CauiEDon rhea, « I!hm __ 

EfflM (Mu?M norm fioJInnirferJi___ 


1 

3 

1 » 


REPTILES, 


AllSfintur UtWirofw m ftifttfppirwKi )** 
Piloted turtle (£r^Tjf*mspi jrfotflU— 
DliRiOPdd^ack tcrmpju lUd^^rpijrt 

pelbufriftJ - - 

Thr«-twd hui-tortofte (CftluJu tffm- 

ralRC^l kd tortafte Urtifudo ora&i’nn- 
Gopher turbo (.Icrobofn poF^ftfuwtl- 
DuMD itlend tortolie iTettudti rpklp- 


pfs»i-- 

Alhunarlo Ifl^nd 

Hldrll 

(Ttmindif efr 

Pc.mil H Eliril ■' PIcnOALturd. i&.l 

AHli^alur tlrard 
fu a) __ 

(^Cflormriu 

MPNfpItt- 

fiorued lliarJ 
imy __ 

[PlrvnMOH# 

flflW’ 




Glla me niter (HTflerf'rrmfl euip^el'iunl - 

Graen Iiut4 t£rfiM!rtii rJrfdftt- 

AnteuDda -- 

ConmiQEi bm i# 0 & 0 >tMfHrfsr 1 -- 

Ant I IliNin boft illm dlrfj*ilojKO>_^^-- 
Ctihan treenail (Epi€* 1 ff 4 v*ff*Uf£r\ — 


sureidlEiK adder (tf-tfive ifo* pioip^ 

Green mb It'yrIephiJ itj titu f__ 

Black Kunke i%amn\iM C*nwMo#ori___ 
frciich-wiiip snake (Zdmmii naderivAU 

Carn snake fColuber put^ruil__ 

c;ommoja ohtek«» unakit lCocker- sioJ- 

riritfahu)_____ 

Gffpher ibftke wnsif cop- 

pcrtA-- 

l a ine snake C^ltpopbft «era K£ta*£«ftl _ 

Hull snnkr ■ayi} _____ 

Texni djlcki'B IDlko {Gphihul** rtllli 
pul frr} _ __ 

King make tOpAlboloi pefuta*!__ 

TfMi Birtcr make [fNifn^ projimo j _ 
Wafer tnuccaalu bindifrcifim pftcfv- 

arv*} ------ 

Ci,n?P^rliriLd cnatbf*Hft> _ 

ptumond rattlrsnake ICnfulua odu- 

menlrtiil __ _^ 

Ift tided rattlemab {Cr&fniut hon+ 


1 

4 

I 

X 

• 

3 

1 


1 

U 

2 

3 

3 

1 

1 

i 


GIFTS. 

Mr, sttiil Mr*, FlAbUln AtiajnK, Pun American Union, two rid It Inn wlemxloai 
Miss St. Alexander, iiooKOuhS. W, Va., n bttrn-n Cmiiicbia inoakoy. 
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ANNUAL &EPOHT SATITIISDNIAN INSTITUTION, 1911. 


Dr Paul iLirtuk'b, Washington, d. two common crown 
Frederick Dir], jr-_ Washington, D. C. P two screech uwfe 
Miss Cikth^rlsiy Carroll, Washington, D. C. p it bam ywl- 
E r N, Case. Takcmu Pnrk K D. <X, three bine jay*. 

MlSfl M. U. Cole, Washington, D, C + an alligator. 

Mra, Mary F. CruWD t IV n fthlfift tott, U C. f u yellow-lieiidcd Aiujmici jairnx, 

Alrv. IE, Sr D-iy, Washington, D. C. fc a common canary. 

BhtSs de Street, Washington, 1>. CL, an a H Isa tor. 

J. fi. Eddy* Jjimwlecr, Mcm„ an American bndggr. 

Mr. EuaUs. Leesburg, Vn_, a rod-taik'd imwhi 

Dr. Cecil French WiLEhlngtou* IX C.. roar Hungarian quail, 

Guy M. Grlbblo p Ituekhunnon, W. Ya. p ft rod-tailed hawk. 

Jca?e EEuittl, Jr^ BeHablalu, N. J. K two king snakeo. 

Mr. CL A. Llo]bind. Fenwick, Vzl, n bittern. 

Chirence Howard* Waebtu;grton, D + C r n copperhead sunk*. 

EL G Howe, Washington, D. £L, two it ] t Lgzt c i> rs, 

W, E Kuhy h Sandusky, Ohio, two bald eagles. 

Air. LaoMtilc, Washington, D. C., two common niusaoms- 
Carvel Leary. Wash lug Loll. D. CU a guinea pig, 

Frances McMullen, Tiurgo, FIb„, an nJli^utor cupping turtle, 

G- W T Marta, Berry vllle, Va^ n black make, 

& 3. PAttkals, Chevy Chase, Mil. two zebra finches, 

L LL Perry p Gorgona, Canal Stone, n spider monkey. 

l\ Vi\ Filling, Washington, D* CL r 10 common canaries a rod-LTfrUnl etinltinl 
and 2 white Jnva sparrows. 

Mrs. X F, Hettuer, Washington, D. C., a green Ammon jNima. 

N. SehutXp Washington, D. C., a screech owl. 

John B. Smith. ib'iiovo, Pzl p zi ba tilled rnltSesnuke, 

Mrs. II. Clay Stewart, Washington, IX c., two common canaries. 

J r P. Taylor, Washington, X>. C-, a Copperhead snake mid a black simkii 
Dr, Jjimw It TiibmuUp Washington, D. a great homed owl. 

Uulted St*to$ Bureau of Fisheries, two northern fur sea la 
James Worcester. Washington* IX C., an alligator. 

Unknown douurs, u hawk, a parrakcet. and tt woodchuck. 


LO&SLa Of A !T I If A l_M , 


The most important losses during the year were n pair of clouded Leopard*, 
a l ton, mid a young Alaskan brown hear from parftsltL&m < a fencaryx* a water 
h!;uk, and it nilgai, from tuberculosis: a female Amertcnn bison and el «irlb«u 
I a tla? collection for 10 years, from perttonltlB: two solcnodomi from nep' 
tlijoiLi l.l, and tw-y young fur seals from enteritis and heat stroke. 

Ik-ml aidauila, to the number of H'* r wer,> traEisferrcil to Lhe United States 
National Museum. Antopslea were made, aa usual, by the Pathological Dli Islau 
of the Buruan of Animal Industry, United Slate* Department of Agriculture. 1 


1 The cnurH-i of dE-attj wr rv aa fabowi - 


, , , , . . Pn.uisen!,. tuberctU^ia, fi; pHtmaa^rr 

tdtnia, Ij MiwijrtUMl*, 7 ; p wwrtWHlt u m ii M trtcMUn 1 ; o- altrlHiT 

.Til l^. 7 ) pa -Jin.. l; la.. ti .. r.!s, 7 : pErltcm^tl* i: ■ «V.-L-fa." 

2: ^ Oee*e»U« of iiw. t; a : .too^uTi, i - atfaSSSfiid I.SEli 

rm.iurv of sltapj. i: InUraal hrorrhict'. l; al N.- m tum. i - ’ 
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Jiltiivmerit o/ the cotteci0n m 


accessions mnon thi yeah. 

Presented^. __—,-.-—-—- 05 

Received from Te^ow^^u>m■ Nutkmal Purity,_____ 1 

Received In exchange——_____ —__—- 13 

Lmt —----—-^—™—---—_ ~ - — 11 

Farch**ed„__^..----- 130 

Bum iiEhl hatched hi NuiWulE Hoologtaftl Park.----—-- 115 


Tutnl™„_... „_______ 335 

fftniMAsr* 

Animals on Land July l, WftO -- , ,. ---_^__ 1,424 

ACCefiftloHH during the yam r_,__,--.—___- 335 


Total ________ _ __ __1, 7G9 

Deduct to m (by exebunge, deftih, arid returning of animat*)---- 34E 


On 1 land June S 0 > 10 U__ - 1.414 



The number of visitors to the park during the year was 521J40, a dally 
average of 1,43$. The largest number in any one month was 05,535' In April + 
IS11, el dally average for the mouth of 3,184, 

During the year there visited the |^rk 1 G!) schools. Sunday sohoo|s T classes* 
etc., with 1,1100 pupils, a monthly average of 414 puplist This number [s an 
ihewnse over the previous year of 14 schools, 1 ,GS 3 pupils, acid mi Increase In 
the monthly average of 00 pupil*. While most of the classes were from the 
District of Columbia, 47 of them were from neighboring Bister, ami da&ses 
came from Meriden, Hopgdalc, Norton, North Attleboro, Cilhtom Hudson, and 
Wbl tmun. Massachusetts; TX>ver + Feierboro, Tiineaster. nnd Exeter* Xew Hslillp- 
shlre; Bath, Augusta, Blddefortk Gardiner, nnd Stanford* Mai[■»: Hoi Lems Falla* 
VennoEit : Raleigh* North CsratUia; .Uiddlgfurt ftwo) and l p eun Van. New 
York; CTuynesbiirg, reimflylvanlft; ami Hartford, Connecticut 

[tinOVEUEETm, 

A bouse for robins, a frame building 35 feel wquure, was const rue ted. pn>- 
vidltiL- four pinud sIzeL stalls with yards attached. This Is now occupied by .: 
nude nrant's zehm b the nude flrevy's zebra, which was returned from the 
experiment station of the Burenu of Animal Industry =it BetLtssiU, MnrySaudH 
after use there lu breed lug, imd ll hybrid from the latter animal and n do¬ 
mestic ass. 

The existing yards on the west side of the antelope house were too small, 
and the feui^s around them* which were of temporary character* hud serinu.siy 
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deteriorated- The construction of new steel fences waa begun. Inclosing a 
considerably larger area than the former yards, and was nearly completed by 
Ehe close of tin -1 year. The yards on the north nud onat shies of the nut elope 
house* which bad been begun [luring the previous year, were completed 
The tvinperary bird houra?, which bed been in very bad c-ondltiou, was exten¬ 
sively repaired. New roof covering wan put <m. nnd the wooden floor, some of 
the walls and enpea. and much other Interior work were renewed. 

Soiue alteration h were made In the large cages In the Hon house to permit 
wore ojni'enteot hwdllng i«f tlie ntdninls during feeding nnd the cleaning of 
the cages. The woodwork of tills portion of the build lug wn a also reflnlshock 
The public comfort room for wonian 1 wbldi was In a very dilapidated condl- 
thw, was removed to imike way for the yards of iho nutekpe bonne, and a new 
comfort ruum was constructed beneath the outdoor cagea of the mrmll manumit I 
house. a small frame building for the same purpose was erected near the 
Adams Mm Rond entrance, tlmi p> rtion of the mirk behag a much trequeured 
retort for women with young children. 

A iww public comfort room for men wns also constructed In the Iwisemeril of 
the Qottlopc house, providing permanent conveniences, whEch are much better 
and mure adetjuu to than have existed heretofore. 

The dralnaga culvert In the beaver valley wjls exleaded to the dying cflf% 
a dlElati.ee of 800 foot, thus providing t^wemge, ns well its for the carrying 
away of tmfoca w r nter without the erosion which bud occurred previously. 

I^tmdiLilniiK were hi Id Tor cage* on the cii^t side of the Email mammal house, 
and n concrete walk was constructed there. 

Various small Improvements nnd repairs were made, A cage was built In 
the lion bouse with a pool for the young tiLppoimistei]us^ which was received in 
May; n paddock wEth sticker was built for the chamois; an Inclosiite and pool 
for fur seiils; the mutter cage ami rage for homed owls warn extensively re¬ 
paired; an Lnctesmrc with shelter was built for ka&EnrooE; nn addltlonu] watch 
house? wns built; new wagon seated were set near the shop and coal mull: 
find the heating condisEt nnd mutes from the central heating plant were ex¬ 
tended to the elephant bouse and i&ehrn houscL 
The cost of this work w as: 

Koosc for xebruH _________ __ r __ 

New yards on west side of antelope house _____ 

Completing yards on north and east sides of antelope bouse. ___ 

Repnlrn fo temporary bird house. ___ 

Alterations ami ttpnln to lion h6iiae«___ _ ____ 

Cage for hippopotamus______ _ __ 

Pnddock for chamois_______ 

IntloFiTre and pool for fur seals______________ 

Repairing eomter nnd owl cflgas_ t ,_____ T __________ 

rncfo^itro for kangaroos_ _ __ ._ _ _____ 

Extend Eng dm lunge culvert_ _ ___ _ 

New ranorete walk find cage foundations m small mammal house. with 

retaining wnUn, etc______ _ ____ ^_ 

Additional wnlcli house___ _ _ _ ___ ^ 

Extend Eng heating conduit nod mniB*L_ __ ____ _ __ 

New wagon scales nt gho p _ ____ _ __ _ __ 

AeCeMairy comfort rtKtiu for women _„___ __ __ 

Womens comfort room___________ _ 

Men"* comfort , ,, _ 


1, 775 

sm 

l,0tX) 

mi 

2TG 

fm 

S7& 

3fW> 

75 

IXrfH) 

1.050 

125 

100 

250 

250 

750 

750 
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SOAOWAY6 APN* WALKn. 

From the appropriation for roconetrnetmg and repairing roadways and wades 
4.770 linear feet, or nine-tenths of a mile of rued, was treated, from 10 to 4F* 
feet wide, a v cm gi n c slightly mure than 20 feet, a total of 10,700 i^iuaro yftrds. 
The wort varied from merely reshaping nud supplying a top layer of atone to 
furnish lag the outire thickne^ of roadbed materiiil, with considerable excavat¬ 
ing and OLILug In sumo pluses where the existing gnnjes wore too steep. One 
thou&iud ftli hundred square yards {the 14 concourse lT ) were detailed with 
tarvla, Tho work cost from 22 cents to ¥l per square yard, and the total 
finicnmt expended for made was $7,220. 

During the year &,2 <j 0 linear feet T or 1! mdcs, of welts were mid or repaired- 
They were from 0 to 16 feet wide, or nn average width of about 0 feel, com¬ 
prising la all 0^10 square yards. Of this about 04500 sepiat* yarils was old 
macadam Wfllfc* the remainder gravel or dirt walks. A considerable amount of 
excavation and filling bad to bo done In ccrtnib places In order to secure 
reasonably uniform grades* and steps were constructed at points where the 
grade had before been too sleep. The walks are of Gtone macadam, the surface 
treated with tnrvsa by the penetration method. The cost of laying thorn wan 
from 25 cents to S5 cents per square yanL A considerable amount of work 
hud to be done also In providing PfUI»r drainage* The total expenditure for 
walks was *7,780. 

Eesr^tfully sobndtled- 

Fsakk Bajlfju Superintendent. 

Dr. Ceabij:s D. Walcott, 

Swcrctanf of the Smithsonian ImtitlttUni. 


A.rFK»mx V + 


IfKl/OltT ON THE A^TBOFHfSICAIi OBSERVATORY* 

Sib: 1 taw ita hunor to present I lie follow! tip? reject on the munition* of 
the Smithsonian Artrophyilcal Obagrvtttory for (be year ending J tma so, 10il ; 


EquTPUi:,\T. 


The equipment of the observatory la els folloflrft: 

At Wji40ilJk#OQ there la no Enclosure of nfcciot 30,000 fiqiinrt fwt mb 
mining flive ^h»l?L frame hpIMbif^ tised for observing ll iirf computing pnrpoM, 
<Jjf<w snoviiblu frame shelter* revering ont-of-duor pieces of appnrnfuj* 

smd also one pmiell brick htilldlmr containing a storage battery »uad electrical 
it J Btrlbu i] on appftr;i tus. 

f&) At Momt Wilson, California, upon a ]^is«m 1 plat of ground I00 feet 
EMpare In tarfftmtal projection, Jire loot ted el rme-atory cement observing: 
struct ttre, digued especially for solar-conatont nuNmirement*, nm\ nleo a 
little tmsm cottar -1 feot by 25 feet, for observer^ quarters, 

Tb^n- were no important additions in thn Inslrtiment equipment of the 
observatory during the year* 

In IBM* the Smithsonian luHtEtutfon, at the expenta of the Hodgkins fuad. 
erect oil on the fflumntt of Mount Pitney, Cnllfhrufn [hcigtit 14^02 feet), el 
atone and steel bouse <0 shelter observer* who might apply to the fustltxjilon 
for the uAe of the house to promote Imeattgu lions la any branch of wieictL 

w htl ° EhiB JrtfW£tWD not * ctuaJ property of the Astiofthyaical ONerratqry 
It affords an excellent opportunity for obaemttl<m» | q connection with those 
btkuu on Mount WHwn. 


Ml? OF TH 1 TEAJL 

m order (o tt«»onsU7 confirm the rasnlla obtained „„ (tic summit of Mottnt 

Wbln,i.y 14.431 meters r>r H.&02 f«t) in lot©, dlecmHed In my Inst __ 

report, im MiHslItJon n^Jn wjenpW that place in August I010. The Msafco- 
nei consisted of the director ned Mr. G. r. Marsh, of I™, CWlflanta 

Neorljr nil of the equipment f nr spectrebotanjetrto u.. r k hud been left on Mount 
M-hltner through the winter oml was found Jo pwd condition. Additional 
apparatus for mertKiring tl lc brightness of the sky by ilny nnd by night was 
carried up by pm* train tinder the core of Mr. Eldar, of T-onc 1‘ine The cood 
fortune which lrnd attend*! the I WO eipedlthm fa 11*1 tor n in,, men t In Mil) 
nnd on# mule, carrying the sllwwllnk pyrometer ntul other loading rolled 
otT ™ K the rocks and wns killed. The pyrheiionu ter fortunately received 
no Injury. * ^ 

mwanrmBttu were mnde weMnlly no Mount Whitney <„ 
1010 « three succeed ilny,. Mr. Towle made ^larcon stn nt observation*! 
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fdmtjltanvoiiEdy on Meant Wilson, I give Mow the nstilUt obtained at Mount 
Wtlwn rind Meumt Whitney Jei JTO> and 1010: 



ife. 

Aug. 12, 

ifla 

A ^'| 

Ad®, U. 
ifia r 

Motmi WU*Wi,,,,,,..*.. 

MlM.| n 1 WlillEtfiT. ..... 

1.1HJ 

L«ffl 

LB43 

LO 

MEM 

l m I 

LMH 

Lm 



Taking the rripjin of the dEffcrencos beiween the results obtained ftliuultane- 
rnisl y at the two jo at tana St appears Hint the results obtained on Mount Whitney 
average 1.4 per cent higher than these obtained on Mount w linen. But con¬ 
sidering Unit Ihe optical apparatus used on Mount Wilson comprised a tiUtcred 
gin km mirror coelostat, an ultra-violet crown glass prism. nni two trtlverod 
glass mirrors, while that on Mount Whitney comprised only n quarts prism 
nml two mapallom mirrora and* furtJmiore, [lint Hie prrhdlometers cm- 
ployed at the two atatioua were rend at very different temper** fares, It is prob¬ 
able that the Flight difference found between the results may be due wholly 
to experimentitl differences and Implies no d[?*cre[Kiney due to the di ff ere nce 
of altitude botweon the twts fttatloEin 

TitJft rone! u#hm mots worth emphasizing* We Irnvo now made simultane¬ 
ously solar^ecDeltnl tietecmliiitlonfl at am lerd iWacblnftai), at ever n mile 
altitude (Mount Wilson). itnd again at Mount Wilson, and fit nearly 3 miles 
altitude {Monnt Whitney)* Although both tbo quantity and the quality of 
ibe solar radiation found at these sinllons differ very much. n e t t h ee the " solar 
constant"* nor [he distribution of the solar energy In the spectrum outside the 
atmosphere, as Used by the wholly independent measurement* at these three 
stations, differs more than woes hi be expected in view of Lbe unavoldnble snrnll 
errora of oh nerval Son. We seem justified In concluding that we do. In fact. 
clluiEntik b the effects of ntmoapbtirlc looses and netually determine the true 
quantity and quality of the aim's mdkuloo outside the atmosphere as we might 
do If we could observe in free GpftCe with no atmosphere at nil to hinder. 

Expeditions to Mount WUsot have now beou tnude in I DOS, ltW9 + 

nnd 1910. The last, like the others, continued frtiui Stay until November, Id 
the earlier yearn the observations were not made dally, but In 1303. 1300, and 
JOltl Elutly diitertnliintious of the ntor constant were made when possible^ A a 
stated in curlier reports, the results Indicate a variability of the Fun. In order 
to show the strength of the argument for this conclusion, 1 g[to in the nccum- 
panylng figure n diagram showing nil the 11 actor constant" values obtained In 
the first four years of observation (fig. 1>. 

The "solar constant" results lie between lJfo and 2,00 enTories per square 
ccmlroetar per ndaute. I call particular attention to the two later years. It 
will bo noted that successive days" results march step by step regain rly from 
low to high vii I ties and the reverse, and that this order of march la not the 
except3on, but almost without excspUkm the rule. This seems to render it 
highly Improbable* lltUL the fluctuations nre due to accidental error, for such a 
regularity of finctunllon Is Incompatible with that supposition. As It has now 
been shown that tho altitude of the observing station Is immaterial, nt le&at 
for n It Ke odea below 3 mi las. It seems also reasonable to conclude Ibnt the 
fluctuation ta net due to fault)' estimates of tbo losses of radiation In the air. 
Huiice the most probable conclusion Is that tbe mn actually nrles from day to 
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day in Us output of radiation within Units of from G to 10 per rent In quantity 
ant) iu Irregular periods of from 5 to 10 days. This cootiiiBi&ii I state tenta¬ 
tively. Before It can be occulted without question It tMtmt be cottarmed hy 
showing that the muilis obtained duy of ter slay nl another dually good station* 
at u great distance* confirm those obtained EimnUaueOusIy at Mount Wilson 
Such a Anal test, it Is now expected, will be made during the coming finch E year. 


Summary of iClur-conituni cetfurff. 



Wub- 

Mdunt WjJwn. 

MhuiI WWuay t 
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181ft 

tm 

1310 
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m 
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K 

i -m 

I2S 

1-911 

t 

i.m 

% 

LQ tA 

Mftm vahje,... . 



i yuan* doji 4i l oTwemUJon nnt y*t rrvly. 

Giaur-Jn.1 DKtiJ3, Ltf22 Cilork? I 15" C.} pfif SqUMTS CnUllOflEcr per TMln aiP, 
KuOiliu ad. dftimiitiilMu t ld& 


Otter- made on Itomt W'hMfirp. — Although the mala pur [wise 

of the Mount Whitney expedition of 1910 was served by proving the 
determinations of the #olur constant of radiation are Independent of the altitude 
of the observing station, advantage was taken of the unusual opportunity to 
make several other kinds of observn lions. Kapteya'a sky photometer was 
employed there on two stttCesrive nights to measure the relative hrlgbtucrai of 
the different regions of the night sky and to estimate the tola I quantity of sty 
Illumination per square degree uom|«aml with tliat of a first-magnitude star, 
Tntema bad employed KimNnr apparatus |u Holland. Lie found the average 
brightness of the Milky Way about two or three times that of nonga tactic 
regions of the sky. such as the north polar region, but that the t kj near the 
horizon wns of about the same brightness ns the Milky Way. Ho” concluded 
that the sky at night la IIEnndniLted more by some terrestrial sources of light 
than by the start:. 

The results obtained on Mount Whimsy' fit nearly 3 miles elevation n greed 
lu general with those of Totem*, The following [* a summary of the prin¬ 
cipal points. Mean values are given: 

of ntffht ik^. 


[Polar brlghli&rH—L Mocrn! 'A'tliriRj LVfl<MlU 0 .)| 



flftlarEk LaUlll>:bi. 

; Wear ltrari- 

=rsn. 

■ - — 

a* m±4* 

± Ei'UJ-30' ±U”h>£gr 

±60* to± TO" 

lUt&Uva bri^htnOT, 

3.13 

tB | LI* 

1.17 

1.1ft 


The total Illumination from 1 square degree of polar sky wan found to be 
0,074(1 that of one arst-mB*ultude star In the zenith. It Ls possible that the 
fraction just given tuny be a little too small, owing to ft source of error dlscoy 
ered after the observations were coded. 
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Computations from the Mount Whitney iwitta coin Arm Yntemft'6 cimc Irctfoti 
that the treat Etterenso of brightness toward the horlsou ran not L>c fine to nn j 
nmingcineiir of atatlifht hat must be mused by terrestrial source of 

light perhnpfi n ceflUmiotlif faint nuroni, 

Bnlomctrlo nienmircnient* were imiIu on Mount Whitney to deterroiae the 
relative radiation of the afcy by day In nit directions* ns compared with the 



atm. These measurements were EsumerouM a ad ween to have been toccesafti]* 
bnt are not yet reduced. 

T/ir x n ny jpacfnim*—A summary hns been prepared ^bowing the menu 

result of determlnidtoiLS of the distribution of the sun's energy Hi the spectrum, 
as It would be found otltatde the atmnaphera. The meenurements t«n which It 
is based include Washington, Mount Wlltioh. and Mount Whitney work of UXE 

*U Ibll—S 
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to 1010, And have been mode wiih tunny lUfEereni optical systems. There li 
great difficulty in getting sn accurate eMlthate of this relative losses suffered 
by rnys of ilUfereiilL wave len^tha In travertsiug the pci^Wobcdjml Especially is 
tula the rnfte for the violet and ultra-violet my*, whom these louses sire greatest 
The summary has shown, that further determi nation* are needed to fly tho cite- 
tribal Jon In tlic extreme ultra violet, and observMlinn& for this purpose were 
made In June. MX on Mount Wilsou i but are not yet reduced. I giro below 
tho summary, excluding the work of 10H- 

Jnti a miti€« in rmnmrf wfor ttpwtrum, naitidt* the atmosphere* 


lOtwmid al Wiiflhjnrtan, Mcrnnl W]!™, Ifrrttit VVMtwiy, 1 BUD50-1 
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flio jrurt j fcuc^emfitre.—It wo employ thy so-called '■Wien dlsplaoduHTit 
formula/' which connects the absolute temperature of a perfect rtullatkm with 
llie wave length of its inn xl mum radiation, wo mny proceed us follows, to esti¬ 
mate the solar temperature, on ihe liHstuuptlhii I Kiel! the sun 5s n perfect 
radiator: 

A M| T=L^m 

If =-Q,470,u then T-6230* ah** Cl 

Another radiotion formula Is tbnt of Stefrm T which connects the totnl Hjitnti- 
tlty of mdUttli-Pti of a jnerfect radiator per square centimeter per minute- with 
tJm absolute iHiipiLTalure- Employing this furmubu Mill usuEituhig the Htin to 
bon perfect radiator, Its mean dial aura UtiMbSW kilometer?. Its menu dhinie- 
ler Citf;.000 kilometer*, and the mean value of the sol nr constant of radiation 
1-022 calories [jer square rentimeter jjer minute, wo proceed ilk follows: 

Tfl.BXIET^X * T*--t.!>22 T-B880 6 nba. C. 

A third means of esttmattnj? the sun's probable tcmiieratnre cem«i from com- 
porStsott-H of the dLsirl tuition of the energy in Its aptiCt.rtixD with that In the 
* peer mm of the perfect radiator, os eompuiftl according to tho Wlen-PSmwfc 
formula of wpee tram energy dfattrtbuttatL The sun's energy curve nnd that 
of the perfect radiator at two temperatures art 1 siren tn the accompanying 
Illustration Cfljj. It appear* nt once fro m this comparison that ibe starts 
radiation differs greatly from tbnt of iJie perfect radiator nt any teuiperature r 
The wlar radial Ion greater in the Infra-red s|icr:irnm. nnd much Josh 3n the 
ultra-vlidot ppectrnm, than that i-f perfect radiators giving approximately the 
j^fliae relative spectral distribution as the sun for visible rays, Tnldttg every 
Cblog In coiiEtldemtlon, Hie solar energy spectrum seems most comparable with 
that of a perfect radio tor bn-lween 0,000* and 7,000* la absolute temperatnm 
The i-aa^ -:-i of the itlpcrepfincles w^e have noted may be uevertik First* there 
ia the Influence of the selective uhsorptlcn of rays In the Frnuuhofer liaee. 
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These |ign nre much crowded lowsnl mid wHtm tbs u 11 m-violet spectrum, w 
Hint per) m pa this Indicates a principfli mbii for the weakness r,r the ran’* 
spectrum in that region, Second. It seems probable that we are dealing with 
i; mixture of rays from (mures# at different teropeniturea The cun* and 



effect of this difference way each be twofold: For. first*. at the center of the 
sun's visible disk we Ion!,- probably to deeper-lying and hence hotter layerB 
tiim 1 at Hie yi iii'k edge, where the line of sight is oblique; ntnl, secondly, 
since the transmission of Lhc sun’s atmosphere is probably like the earth's. 
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iraftAfnpfon tibttvrrti Herr*.—Further experiments have been made, 
under Mr. Fowle'n di reeling on lb® trail Hinisslnn of radfrUou of gmt 
wby* lengths through long co !immm of air eontnLnLng known (plan lira 
of water vapor. Many of these ohscrvnUons nr® not yet iretftienl* 
ttmt It is unt yet prcitcr to ftive a mimertcal Kumumry of 
\ \ ri’-sulLt -Thq Jengtb of lb*? cotttran cxi^rEmetiTed opon linn boon 
\\ lner«i«ed in ftoo feet* The xniNiuiireaienis cover the Infrm-ntl 
\\ spec tram* from the A Hue to it wave Jonjsth of ubtrnt 17^ 

V\ The observations of the water con louts «f tbo air column 
V\ are made by mo club of pairs af wot mid dry Utermome- 
\\ icr n tu^uled nf n miniljcr of j min eh nkme Uia path. 

> ypv The ulr is thoroughly stirml before rend lupt, Check 

csi*orinionc^ by Sir. Aldrich* Ell wMeb be drew the 
% iSt nir through phosphorus pcutoxhle lubes nml 
'Vm w ^ 6 *k*J &a water absorbed* Itnra r-m firmed 
\ e \ s m. tlie ifanfi) 1 of the wuler-vajNir cletunuhtt- 

^ Y Hans. Mr. Fowl® has mu do a prvhmh wry 

\ \ comparison of U® Hpjrer Infra-rod tfpcc- 

\ ' tran bftEds p, o. t i o, 4*, itnd n, as 

\ ys. observed through the tube with 

\ I ha same bunin ah observed 

\ through ihe whole ntnn inhere 

\ :,t WlShlBglUli, Monal Wilson, 

\ \ illlfl Whitney- The rc- 

I su ^ lfl mtrat totoCHtlifc l hough 
/ / lluT T elt ripe fl>r I^hUcnllCrn* And 
probably it*nd IO more os net 
yMllll^ / / fenowIft3 en of Hie Lula I qntmtily 
y^C/ Df wulur lAjhir In the uimo^ 
'jf pberti,, nml if k vnrLstinti with 

- —[-—II th« sUitude of t ho ob^orver a ud 

|oJr J Ibo ewA^m nf tbo yonr. 

/fcE/uoflon n/ ofrjrrrotfofu, — 
Opwurd of 100 days of *eLnr- 
constant fuenjoremontA have 
- .tttL _ _ Ik^i nmdo on Mount 
Wll^n on i':n i h of tliq 


Fi::. &—Abbot BltlfW ill^fe pyrAeSloteptpr. 


much less for violet and ultra-rloloi mys than for rt*! and tnfm-red one;, wt* 
probably get Infm-red rftyu from deepor-lyitig sud liente hotter layers in the 
sun than we do ultra-violet one*- 

We etmelude Unit the solor radiation comes from sources niaging in tom- 
jK>tnlum pc:rhu|iB between ifre lEjjiUs Tp f OOO # und 7J0D&" ntiwlute CKitJjintdo^ hat 
mostly from wi»urci?3 between and 7,000*. 
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ometiy ns now satisfactorily established. ami with It the mean value of the 
lolitr conotPtit d f retention for the l'ItocIi 1(KK^1&10 «S tit Lt^23 cnlories 

per square cimtlfuoter per minute. 

Additional coptas of the Secondary silver-disk pyrheliometer shown In the 
accompanylug Illustration idg. 3) have been standardised nod pent abroad by 
the Institution nn loans or purchases- There have t*nw bran scut copies to 
HilMh, fieruifloy, France, Italy, Cnphitir). Peru* Argentina* aud several with lb 
the United States, making la all 10 copie* now In other bunds than ours, be¬ 
side* several now being tandft to order. The lust 5 rut Ion has undertaken the 
business relating to furnishing these pyrbeliolbutor*, which am standardised 
at the Afitnophysical Observatory, to promote exact knowledge of the mu and 
Its pm* lb te variability. 

StIMMAmT. 

The jwr has been distinguished by o fluracssfill expedition to Mount Whitney 
The results obtained there eonllrm the view that diUermlnnllatiK of the Intensity 
of the solar mdlotion uotalite the earth's atmosphere Ipy Hie sp^trotiolometrSe 
method of high and low sun observutinn urn not dependent on tbo observer's 
altitude above level, provided the conditions tiro otherwise gooiL The 
Mount Whitney expedition tarnished opportunities atsa far menmircmeutii of 
the bright ness of the sky by ilny and by nlgtih the influence of water *n|ior on 
the ft isi "r tjpccirum. nod Ike distribution of the sum's eutrgj Alarum outside 
the ELt mo>:pttcre, 

Sohur-conutjiiU observe Hops and cl osely related researches were continued 
daily nr Mount Wilson until November, lfllO, and were tnken up ntf&ln In 
June. ml. 

Further research tends to confirm the conclusion Unit the sun 1 * output of 
ntdlnthm varies from day to dny la a manner Irregular In period and iiuaHlIty, 
but roughly running ita courses wit Lift periods of li to 10 days In time and S to 
]|> i*er cant In amplitude. Assurance seems now complete that this result will 
be tested In the next decal year by lons-eontlutlvd dally observations made 
simultaneously at two widely separated statlou*- 

Many copies of the silver-disk secondary pyrhellometcr Unvn lieen standard- 
Isai ntMi rent out to Observer* In this and foreign coaatries to promote exactly 
comjviruble observations of the sun's radiation. 

MeasurcmcniB of the transpatufecy, for long-wave radiation, of colnmui of air 
con mining known sjmnuiHcs of water \apcr have been continued, and promU* 
highly Ini urea l lug results 

Respect fully submit ted, 

C 13. Ansar, IHrevtaK 

Dr. CltAiLZB D. Walcott, 

&emt$rit of tft* r Smithsonian institution. 


Appendix VI. 


RHFOBT OX THE LIBRARY. 

Sra: I hove the bona? to ptvBt'tit the following report on the operations of 
the Library of the Smithsonian institution for the fiscal year ending Juno 30, 
300, whfch wns prepared by Mr. Paul Brackett, usslsinnt libniriiiiip who had 
charge until Jane J r 1011- 

The following improved methods and consolidation of wort have been 
adopted during the past five years by the Library, in the Interest of economy 
and efficiency: 

The catalogue bus been nmdirlrd w> ho lit Include the antbor nnd doner 
cards nnrl nil previous ™»rd^ thos am tins Et necessary to consult only one 
flJe of cards for /my In forms tlon relating to the contents of the Library. The 
accession record I* typewritten on sheets in accordance with the loose-leaf 
bltul I ns? system* thu# snvtug Use time of copying titles by hand. The nunimla 
have been transferred from the periodical record to the uatbor catalogue. thtia 
avoiding the making of two entries 

A new system of filing letters In numbered folders,. with n card hides; has 
been Introduced, making ennEly nccnsJhlc the correspaudaicn which* hi con¬ 
junction with the author nud donor catalogue forms a permanent record of 
the exchanges for the Smlthsonlnn pub!Ications, The old flics arc gradually 
being rearranged ami Incorporated with the new system. 

The lendJug of books In the reference room ami jierludlcitl rending room has 
been placed Jn charge of ono person, In connect Ion with other duties. 

The title# of purchased bonks are now outered on curds which are filed 
alphabetically. These card entries take the place of entries on sheets In book 
form* with card Index, 

With a thoroughly modern equipment In the wny of furniture utid fixture# 
greater Improvements could be made than is possible at present. 

Ertenaion 0 / nme occupied bp library-—Tentative pinna have been prepared 
nbd nuluul til'd for fire-proof book stacks and bookcases for the large hall on the 
main floor of tha Smithsonian Building to con tain the libraries of the Govern¬ 
ment bnrarLtis under the Smithsonian InstltutlofL More definite pi am are now 
In prepfirulloa. 

ItilmaHontit Conprvia of Archivixt* and MbrtiHam and the international 
Ctmfftw of mUfatirnphy and Documentation .— r ilie in-uitntEon wan represented 
by the assistant librarian. Mr. Paul Brocketr. who presented, a paper giving the 
views of the Smithsonian Institution lu the matter of Intermit tonal exchange. 
At the to tm time ho made observations on the methods and arrangement of 
European libraries A Eciuxrate report cm tW* matter has bom submitted by 
Mal 

A0OMSK0I& 

For the Smithsonian dejioalt, Library of Congress; the aecesolons recorded 
numbered 3,1^3 ioIuhlom, Ll?77 part* of volumes, 3.137 pamphlets, and 4S0 charts* 
making a total of S r 03!> publication*. The accession nxjnibcnf run from 300,001 
ta SOJA4P. 
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The irstrta of serial publications entered art tln> curd catalogue? numbered 
24*4% nm\ l.m* slips for cnmplc&ed volumes were made, mid lOo mxtia for new 
lH!rlfft1Jcfl]w nml tunnalH. 

These puMteflUotts were forwarded to the Library of Congress Immediate^ 
upon their receipt and entry. In their transmission 230 Ix^es were required, 
trontalnS ug approximately tha equlTaicoE! of B^iOO voIhidh. The actual number 
of pteeee sent* Including parts of t^rtodiralB, pamphlets, am] volumes was 
Tiihs statement does not* however, Include about 3,200 parts of serial 
publication^ secured In exchange to complote nets nnd transmitted separately. 

Inaugural dissertations and academic publications were received front 
universities lit the following pin cot*:; 


Bftsd* 

Bonn. 

Berlin. 

Breslau. 

Cu*co + 

Dorpat. 
Freiburg L B. 
Gtew&. 

Graft, 

GmLfFwnl+L 


H« ] le-!i n-ilvr-Sfl i In- 
Heidelberg. 

Kiel, 

Lfitpitfe- 

Liege, 

Landau* 

Luud. 

Marburg. 

New Haven. 
Oviedo, 


B&EtL 

Prague. 

liostocfe. 

Petonburg, 

THblngen, 

Utrecht. 

Wliraburg, 

fcdrlch. 


Similar publication* have been received from tbe technical high Behoof «t. 
Berlin Bramufchwelg* Karlsruhe, and Munich. 

The fjflke lllirary received 440 volumes and pamphlet^, nnd 77 purl* at 
volumes itiid charts, luuiklng n total of ?17 publications- Thirteen TolutneS wore 
purchased for the employees' library and one neelnd by dvuatlou* 

An Fitrrndy mentioned, an author catalogue combining author nml donor 
entries <m cards of etandurd size was established this year and Ms taken tM 
plure nf the previous " donor bp record. Oitnlcgue cards made for the author- 
donor catalogue cumbered turn In addition* a cow iludiug list of 32S> entries 
wn-g fnnrlo for I be perMlienlii Lu the raiding room* making a total of HXdOcurdtiL 
The recatalogulng of selectsfle seriok and outrun Is whs commenced. The 
vtduEJH'tf recainlogued numbered I<€0SL 

The policy of sending foreign public documents presented to the [nstltuf Lon 
-tn the Library of Congress without stamping or entering has been continued, 
and the number of publications given above does not include the^e. nor dogg 
It Include other publications for the Library of Congress received through the 
Interna El r>nul Exclinage Service. 

The work of checking tip nnd completing the SmMManlim deposit sets of 
prthl Scat ions of scientific Btieletim and kuruod Institution* of tbe world has 
been eoatlnned, nnd those tif Franco have received BpKlfil ccnaldenitlfliL 

* 

numcATEa, 


For a number of years about 10.000 duplicate Government documents returned 
by the Library of Congress, principally rein ting to sUilistlcs, were stored In tbe 
rauth tower of the Smithsonian Building With the assistance of the Inter¬ 
national Exchanges during the previous year iha^ publications were arranged 
and listed and Inter the larger jmrt wo* turned over to the Xew York Public 
Library to complete Sts sett; Public document* of the Bulled states wore re¬ 
turned to the Superintendeot of tloeumeotA 
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The establishing ef new extbaugre and the Boeatlug of missing pnt ts to 
compare set* oI publications in dm Smithflonlan Library required the writing 
of letters, re«itiling Id the addition of about 100 periodicals and in the 
receipt of about 3^tK> missing parts. 

The mull receipts numbered S2.G47 package^ and S.GGG packages were re¬ 
adied through Lbe laatemntloual Exchange Sorrier The pub! Lee lions crab 
taLned therein wore stamped and distributed for entry from the mull desk. 

About 4,463 nefenowlcdgmeats were made ou the regular forms In' addition 
tu the letters which were written In acknowledgment of publications received 
in response to the requests of the Institution for excbnuirc. 

New cxcbLingeS of tbo annuni retorts of tbo American Historical Atwell* lion 
from tbe albumeat agreed upon for tlint portiw resulted In the acquisition 
of n number of publications of historical sm-ktfc* throughout the world, which 
were mld*nl to tbo Smithsonian deposit m the Library of Cnngreea. 

fcLfLvDiXO fiOQM. 

The periodical bins Iti the reading rtmni wen- rearranged and. us itirrady 
men Mortal, a sew finding list was made out m cards which were arranged 
olldMftfviirediy. Fahltefltions im laager consul ted were transferred to the per 
jprtTiimt max* either Eu lbe Smithsonian deposit or In sotne cue of the libraries 
of tin? Government brunches of she Institution to which they Iu 1 long. This 
j*lYt-L 4 Lbe Instil id Ion and Its bnaetifl n thoroughly useful i^rlodical rending 
reom+ 

As liumy of the publications kept In this room nre not to be found Eu other 
American libraries, they are consulted not only by Wuuhlngtoa lm-eatTgn|nr^ but 
by ionie from other center. During Hid year the scientific stuff of tho Instltib 
I loti and Us bnmohoH made use of 131 bound volumes or periodicals^ and 
2mu parE^ of *r Lea title ircrludlcalB find popular urn engi nes. In addition, tho 
various bureaus iif the Government continue to avail thmusehes of the 
i unity to use these publications, as well :aiv thope hi (be recLfcmnl libraries of 
this bnmebes of the Instltuthm, und the library ia frequently vimied by ln- 
irfcsliguterK from all parts of the world. 

at rr soon. 

Nn u dilIrIons were mudo to the art objects nr engravings In this room during 
the past year. With the Additional sfiaeo clyA liable fur the use of the? Division 
of Graphic Arts In die National Muhcuui, It is expected that sumo of the 
cugrtniuga will he exhibited there. 

TfiK &lVi#YEE& LJJLLjLAllT * 

The books added to this library by purchase numbered 13,%nd one publica¬ 
tion waa pr«fl«ate*L By binding. 416 volume of perlodlailn were made available 
for circulate The lota! number of books Isorrowed was l.^G. A number 
of boobs selected especially for the purpose were sent to the Nat Iona J Zoological 
Pork, na lu previous yenra. 

Liauaatrs or mv suithotux uuakckka. 

rniU'd Eiatcs Xrtiiuhttt A/ufciiraL—The congestUrn la the rmweum library 
reimrtcfl hist year lum boon relieved to a certain extent by the temporary 
rjnplaymeut of four cataloguers and the alignment of space on two of Lbe 
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gullertiig Lu the old Museum building for sorting n«d arranging nil the duplicate 
material Thu duplicate# wife arranged, placed on temporary shelving, mid 
roughly catalogued and the question of disposing «f eturh put of them a* are 
Dot required in the general illimry or by tins atlcniifle utaff will be talna up 
during the early part uf die MUfling ftscal year. 

Many important ^Ifts won? weired during die year, ami thu following 
tueuibors of die Muff have presented publications; dr. Theodore N. GUI* Mr. 
j. H. let ley. Dr. C. W, ULoLnjnnd, Mr. Hebert Kltlgwny, Dr, W- H, Pad Dr. 
Paal Bari sell, Mr. W. H. Holmes, Dr, Walter Houeb, Dr, F. IL Knawkoti* Mr. 
J, C, Crawford, end the into Mr. D. W. Coq till lot L 
Tbo Maseiun library now eoninius 40 F 2ll volumes, 0d,ii74 unbound j taper*, 
and 110 mimu&ctlptL The uc&stiom during the year enlisted of IMS hooka, 
4 + 014 pamphlets, and 202 parts of volume*;; SIS books, 1,033 eoffip^te volume* 
el perlodlctils, nnd 4.1&1 ptUEphlcte wore catalogued 
A tt out km bus been given to the preparation of volume for binding, with die 
result iIlsi t SOtt books were sent to the Government hinder?* 

Xlio imtuber of books, periodlmla, olid paniphh?t» borrowed from the general 
library amounted to among which were 2j.5b2 obtained from thi> Library 

of emigre** and other libraries, and 4,142 assigned lo the sectional libraries of 
(he Museum. 

dm- sectional library baa been added to those already establishwl and die 
L'ompSele I [Ft now hsnmta as follows; 


AtfmlnlstrEiiton 
Administrative a h h 1 »t - 
uesL’b ufllce 
Anthropology 
Biology 
Birds 
BfjUmy 

Comparative mnitnm? 
Eilkisr’n Office 
Ethnology 
Flake* 


Geology 

History 

lUfMM’tS 

] uvertebrn i e jkt leoatology 
Mammals 

Marine invertebrates 
Materia mcdlca 
Mesozoic foswiln 
Minoru logy 
Mollngki 

Oriental Archeology 


Paleobotany 

Famattca 

Physical anthropology 
Prehistoric archeology 
1Efc*x'dies amt butmi'liUmH 
gupfldntendenf» office 

TnxEdermy 

Technology 

Vertebrate paleontology 


The record n of (be Mnwmu library eonslat of an anthemf cntmlopte, an 
wccamim liook, a periodical record an. ftnndard ctinls, and n landtag rcounl. 
ThtN landing record is on nmlit unrt Includes the bonks borrowed tram the 
Library of OmgTO&i and other libraries for die wee of the sdantillc staff, .Nn 
elinncv* were made either In the arrangement or In tbo methods of carrying on 
thl& work. 

Lfiten requesting nm und for the purpose of completing the sets 

already In die Museum library have boon given every consideration* and a 
number of tides have been added hi this way. 

Owing to the crowded condition of the general library, tt hna been necessary 
le use Dio reading mail ns cl place tv F receiving rttid distributing publications 
fur tbo Museum library. The transfer ami arranging of the duplKcatea on the 
gaUertra wUl relieve this condltlow to Home extent and nmke It iK^aLblo for 
tluit work to tic done eJflewbere, 

Bunyiu q/ Amertain EihhtfnM.— The report of till* library will he mailo 
by the ethnologist In charge and incorporated in his Keneral rcinort 

Attrvptiitiknl QtocnntCty^A thorough overhnuling nf this library and the 
removal of duplicates and such other material aa is not needed was ubdeTUikeu 
during the year. As a result, the observnlnry now has for reference a very 
efficient working library relating to astrophysics and Allied subjects. During 
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ibp y«r S® volumes and. it parts of volume? worn added, tunkltig n total ndtll- 
tion of 1G4 publications!, 

JfCffuridf ZMttovi&rl Park—A small mtmmm library of kooIofIchI book* Is 
inn Intend) nt tfefr imr\ r to wJiltfc 15 volumes were iricleil ^Inrln" the y<wir r 
^UDUMOri; of KXtittitHU .—The fuHuwlug statement summarize nt! iho nc- 
radons during the ycnr. except for the Bureau of American Ethnology, which 
is separately administered: 

SndrJiftOiiSfin deposit la Library of Congress. Including porta to coup 

r>!elc __ __ ____—- ---11.33® 

FniUlifluulira office, Aatropbyaicai Observatory. Notional Zoological Park, 

nial ItitOTTUltSoPiJ Exchuiis*U^^ — . - -— —--- tfTC 

United States National Museum Library,. -— --- — 0.127 

Total--__-- - ---- IS.CH2 

Kra(*N.-l fully Fuhmllteti. 

b\ \W Turn* 

Awlftnni Secretary in f'fiarga of f,Uimry ttfid Ejvthiinurj, 
Dr, Chaiu.es I>. WAtCOtf* 

fleerctarif of the KmithrtvnUvfi /fMfffuffrm. 
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EBFOBT OX TIIE INTERNATIONAL CATAliOGUE OF SCIENTIFIC 

LITERATUS! EL 

Sib; I hove she honor to submit the following report m tlie operations of 
the United SEalet* Bureau of the rntemfitlotmi Catalogue of SL’lentlUc Literature 
fur the ending June So, ljnl. together with n report of the proceedings 
at the Second rntenintSonul ConvenUou of the International Catalogue of 
Scientific Lftmilure held In London inly 12 and IS, iftEf). ou Min Eng the general 
condition of the whole enterprise: 

The opproprlntlon mndc by Congress for the malntfiilDCe of the btirean 
during Use your tons $7*300, un Increase of %1/m over Hie m ropilfltSon for 
the previous year. 

The persons are fcruIo rly ampinjod in flic bureau, ami rhe Fcrvleetf **t 
tatoiNimry clerical usstatfinta oeciiflionally engaged, 

I Ei order to properly aaisilyie and classify the many sclent [fie works now 
being published In the X T nlted States It Is not only durable but necessary to 
obinin the advice and nseistimre of ftieatUlc men who ore specie lists In the 
Severn E sciences Included In the scope of iho catalogue, and the Increase of 
$1,500 In the flpproprl&tlnn for the catalogue this year has made St possible to 
have senna of the mare technical papers referred to such fipeclallffta 

It Is a nsalEtrr of gratification to re|H>rfc that the utmost Interest ha* boon 
shown by all [Lb!- scientific men who have been nppraiLclipd for old, nml that for 
a nominal Rtmi chisslflcntlon citations are prefin nd and ftimtHhad to the bureau, 
thus rendering it possible for the scientific publication*! of the United States 
to be not only Indexed in a thorough bibliographical manner* but also, when 
necesairy. classified by spedaflJita. The- clnssiflcuUou numbers used En the 
pubjet-eataleguc refer to the subjectionEarns of ihu tokens cited, and frirnlah 
the equivalent of jiti nh.simet of each paper Indexed. 

During the year 2tMK2d cards were scut from LhJs bureau, us follows: 


Literature of— 

iim _ _ _ ___ _ 33 

11MM _____ „__ I-_ _ 213 

IU07_„„„_-_ - ...... 423 

UMTS ___„_ „______ 1 + SOI 

1M0 __—.___ 14 GS3 


Total._____ 


Thirty-two regional bureaus ore now cooperating In the preparation and 
publication of ihc International CuLulogue uf Scientific Literature. The rata- 
rogue coasLais of IT ammo I volume* published by a central bureau In London. 
Thu regional bureaus arc maintained by the countries they represent, usually 
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by direct Horoaflttnlm grants; tbc central bureau is malnininod by famls de¬ 
rived frnm sutacriptinbH to the work. Supreme control of the enterprise is 
Tested In a body known ns an International convention which met in T^nudon in 
1005 and lignin In July, 1010, thereafter to meet every 10 yea re. E-ich 
country maintaining a regional bureau Laa the right to wud delegates to 
ibis ronvuntion. The assistant in charge of tLo regional bur+nu for the United 
Staton was appointed by the Secretary of the Smithsonian Institution to repre- 
wfjit i ho LaJt^ Stnii-.- ill tic ttccoml Luton illM uiuii convention. The principal 
countries of tbc worT-d sient delegates to the couvaallou ya follows’ Austria* Bel¬ 
gium. Dtmnnrk, t'ntncc, Germany. Netherlands, India, I(aly, Japan* New South 
Willed, Ru^ala, South Australia, Sweden, the United Kingdom, and the United 
Stntoaa 

At the open tag meeting hold to the rooms of the Royal Society on July 12, 
3010, Sir Archibald Geikio, president of the Royal Society, vu elected chair¬ 
man, and Prof Hfefify i: Armstrong \\ It. H., vice chuirimui. The report of 
the e*ecritSvc commit lee wets then laid before the convention. This report 
stated that tlm seven uuuullI Issues -if tbc catalogue already published, emnprls- 
Inn H7 volumes, had cost the 1 .ondon centre! bureau to edit* print, And pub¬ 
lish. ¥257.&S<>, for which ¥216*420 bad been received fn<m the subscribers to tho 
CAtahigue Each nnoiial Ladue of 17 volumes bad nvereged EI.1I7 pages. Frotn 
estimates nude It appeared that when tbc first IQ annual Issues were pub¬ 
lished the receipts ami expenditures of the central bureau" would probably hah 
anci\ and It was thought that inking info account the extent m \& difficulty of 
til a enterprise this re^ylt would uui In? unsatisfactory* 

While the gross annual Income received from ttihscTlptluna ha a ekCwled the 
estimate originally mnilo by nn avenge of over $8*000, the coat of rdltlng and 
printing bn* tn^n tnurb prefer than was originally estimated* This Is due 
inninly to the fact Hint the Gkse of each Is&sue of the catalogue has greatly n- 
weded the original estimate, and also. In Jt les&er degree, to the fact that nn 
edition of 1,000 copies, Instead of &D0, wus printed. Tbc working oipltjil needed 
wrts also larger than originally estimated, It being necessary for eIlc Royal 
Society la advance to the eeaLrul bureau $27,500, on which Interest la guild, 

Although the international Catalogue Is (mderrtDoa to be n pmmnmt or- 
gnnlmlun It es one of the duties of each convention to aufliorLu- ihe coutlnu- 
atloTi nf the publication for definite ikerlmH Thu following mutton, therefore, 
was inmle a awl It wast resol veil: 


That hi view of the sqrecss already achieved by the Intcrrintlunnl Cata¬ 
logue of ik'lcntlCie Thtomtnre and the great JmjKjriaiioe of the objects proimucd 
by If, It la imperative to continue the pnbllrmtou of the catalogue nt least dur¬ 
ing the pcrhMi inn-1015, amt nu rmmi mentation of the tutunuttioaiil cuimdl 
during the sub^uum five yen re 1010-IO2G. 


After s^vora] motluus concerning dctalla of atomisation, It wna unnni- 
h]i>rjyiy voted ” ihat it Is must d^iruble that a cnpltal ftmd should be obtained 
for the catalogued II is now npparent ibnt a capital fund to be nt the dU- 
pusQl of the central Imrcou lias been urgently needed since the beginning of 
I ho undertaking Lucking a capital fund. It hnB been necessary for tbe remral 
btire^iti to borrow niH>ney on which !□ tercel has to be paid, nnd on account of luck 
of fuiiiLi it has been Impurfbl* to carry out several pinna looking to the gen- 
erul Improvement of the work. Had n enpitn] fund lieeu nvtdlable In the Ja^in- 
nlng of the etiterpiise. It would not have been necessary for the subscription 
Tifk-u to hi} placed nt me h a high figure. €otuseqnently, a larger edition eon Id 
bn ve been disposoil of and at a Iowet rsto to each subncrlbcr. At the scsaEon 
of the convention on July 12* method* of admlnlstnitlun were discuHfied aud the 
follow Lug re^lutlon passod; 
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That each regfcmal t>iarc^ii3 !>e requested I. , prepare u. list of journal* Lu mjel-Ti 
ftlen™ which tlie ntulope will completely Index In th<- pmitwl lasm* I , nI1owLii^ 
the yenr of pubMejitum. and that the wiinil luircnii be Euitliorlzed to publish 
the Lisin thug prepared. 

Tlie dow Osl of Journals will eoiiBlffL of talk's of pliblhutluxm devoted ^Inaofct 
exclusively to HOhmlille DWttfOm, nttd tEltvi? Journals will be given preenle^-e 
So (Jiu work of tlae regional bureaus, though refriouiw l> i .m/icHlilH' iheii^jts 
trablfahcd hi other (bail regular ncieuHflc journals will cvonhiitUy thui i\ place 
lb tbe - i Jitulopui\ Some such action w?li* necessary oa nreiMmt of Else 
blilty of i leu I lug promptly wills t Li r - \nh.“ number uf weinlsck-nESISe jouriLiils now 
publl&hcd i l.nmglinut the world, find* us promptne** of publication 1* -no of 
the most desirable features In tin ludcx-oifaliigit^ St was necessary to tSucJ 
iwuie means whereby an Index to the more Important papm could he propun-i! 
pnwi tcally nn rkui ns the papers lhetn*4veft were puhi inked# 

To reader it possible to promptly publish future toS nines of the catalogue 
the following remlntrun was adopted: 

That the resolution of the year IbfH) nnttanrl^Iri it the central hiitvfiu (o etiw 
these volumes pit diSferetu staled dutes* cuch volume to eom$i*ond to the 
JJiiTuture of ■■ period of 12 months, be troitilrumt. 

The effort of this resolution will bo ituit the separate vnlnmwt of the catalogue 
wiil nos i.--•►-Airily cover the whole raleitiSur year hut will cover a p.-rlod of 
12 inoutba. A number of discussions then folks wed, pertaining to |pI:imh for 
Improvements In the orgamlswtlon and general work of the reglotml bureaus. 
It was then resolved: 

Tl uit In view of the resolution adopt+'d unanimously by the ropre^mtatlvesf 
of thus v.irSotiw coimidra constituting the convonthm, desiring the Ityyul Solely 
to rent tout It* responsibility for the jmbtlealkm of the Informi Monal Combine 
for n further period, the committee appointed be instructed: n> To take nil 
pnralbte steps to prevent reduplication by the publication of several nnnniil 
nnd slmlhir cat if agues hoes Indexes on the same subject, by soaking nrrnnge- 
meats Hiu h .:k eIionc now In force wish the Zoological ftirloty of London. 
(2) Ta obtain further n^Sstjmee aiirl Cfuqicrutlon in the preparation uf the 
cuterlol of the catalogue from the principal Hcieniiile F=ecletU* and neodemfea 
ani the organization* which cellec-t materia hi Tor Indexing scientific literature. 

Tho Men now seems to prevail that the organization of the InteruatJcmnl 
Cat a Mg ue uf Scientific Literature wili gradually he able to cooperate wltli the 
3 ■ rraciit up.I Itora amt publishers of lha xnrlmm edeotlfle Indoxus ami yearluwkn, 
m thiit the annual volumes of the intertMiflonal Catalogue will eventually 
entirely sraperaedu and take the plnre of ail similar pnWtotiosm. Tlili will 
not only W of eommon benefit to the Intenuithmot Cafnlegne and to (Lie 
4>X!letle9 still private Imlltrduols now doing such work, but will greatly jis*lFt 
scientific Investlgntortf and librarlsns In whose Interest the hit cruet loiml Cntn' 
loyno H iireimrcd. 

The question uf puhlljQblDg it decennial Index welb then dlscnsped nnd It was 
decided that on account of the grent expense nocessarny Involved the work 
don Id not for the {jreeent he undertaken. The mutter wrtn left for the action 
of thu next IfiternnUoimi council, which will be Leld within the next two years. 

During the Eu^sing of fhe convention the foreign dolegnfe* were the rodpteciis 
of aEsmerotm and gradees ]n>*pl tall ties from the Uoynl Society, the Hoynl 
Society iJlob* and Indhidimtly from the Engltsh tneuihora of the convention. 

Very resf»eetfully, yours, 


Ur, Chahles D, Walcott, 

Srcrrtttrp of tht ► tfmith&mUin JmtiWiOfl. 


Lzo?FAan C. Omni wll, 

dM EJiltfJTf in Charge, 
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REPORT ON THE PUBLICATIONS, 

S ebl t [ have the honor to Btibuiit the following report oil tko publications of 
fbe SiijRksniiljm Institution and Lbs braucheu during the fiscal year coding 
Imfi 30, 15HI: 

Tbs? total number of copies of publications of the SmlUuuinhui Institution and 
its branches distributed during tbo year was 107,200. Tliis uto In¬ 
cluded M3 volumes nod separules of SmltllUlliin Contributions to Knowledge, 
of Mm I Elions in n MJrallaiiBOiiH CbllwtltmH* 10,022 special public tinm^ 1 q. 
eluding 2,74^ volumes on tie Hnrrlnidti Maaku expedition; 6lS publics Lions 
not Included In the Smithsonian series; £2,432 annual reports and bullet!on of 
tbe Bureau of American Ethnolij^y, and 110,000 copies of me various publica- 
Uons of the Nations! Museum, 


i. sm rroBonrnw CQXtumurmx* to KTfowLXpoE, 

Tbe Langley Memoir on Meehan l nil Flight which was begun by the Inin Sec¬ 
retary Langley in 1004, and emit l imed by Mr. Ckftrira M, Manly, assistant In 
charge of experUuem^ was la type And nearly ready for distribution ut me 
clow of the year. This work forms it hj rt of vultine 27 of the Oontrlhiittons 

to Knowledge, 


u. surnrsoxiA* MiacrtLLAsrea-? CttiurnofiA. 

In tbe scries of Smltksoulan Mitre]laneosm Collections were puh]l?hed (1) 

cover and preliminary jmu& for volume fil ; (2) two pa^i* of volume 53. with 

ct^vor prelim Inn ry pages, and Index, .aptellng Unit volume; (flj tbtrte. 

i*PW volume m; (4) four paper* of volume 57; {5} and tbe SmlflufonUt* 
Physical Tables, by F. JiL Fowle, form Luc port of volume 5fi. 

TIhi Imbu« of the SmtUmanlaD MlBctdlnncatis Collect ions during the year were 
ns follow?: 

102ft SmtthBDtUaa Miscellaneous Col leelJ on*. Cover and preliminary pnges f ur 
volume &L Octavo, Pages v. 

1U34, Cambrlaa Geology and X*. <*: Olenoilu? and otbur Gvucra 

of the Menonaddm, By Charles IX Walcott* Published An post 12 , y.rtQ, 
(X-tHvo. 231-1 £2 (impugnl index h with Plates 23-1 L Volume 53. 

No, €, 

103#. Cumbrian Geology and rHleautology, No. 7: Pre-CaiiibntLn Rocks of the 
How letter Valley. Albert ji, Canada. By Charles D. Wufcott. Fubltehul 
August. 1010. Octavo. Pages 423-l31 p with Plates 4!L47, Volume 53. No. 7 
]fH0. Cambrian Geology and Paleontology, IT Abrupt Appeanmce of me 
Cumbrian Fauna on tbe North Amerfcnu Continent. By Charles D* WnlecvtL 
I’uMlsbed August IS* 1010, OeE^vo, Pagiw T-HC Vglumi- 57 p No r 1, 
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IM1, Notes m n Hom-feedlng [^Mdopteroua Larva from Africa. By August 
Bueefc. Published July, 1910. Oetuvo, Vni&n 2 F with 2 platen Volume 
N o 8. 

3U4Z Description of Seven New of ErtSt African Mammaift- By Edmund 

Heller. Published July 22, 1910. Octavo. Pages 5 h with three plat™. 
Volume 5d t No. 9* 

lEHa flmirlisonlaD Miu.eltoneouB Collations. Cover mem! preliminary for 

volume SI. Octavo. 

11M4, SiulrliPOTitni] Physical Table*, Fifth Revised Edition. By F. KL Fowfc, 
pUL Smithson inti Ajdruphyslcn j Observatory. Published May 1T F 1911. Oc¬ 
tavo, Pflgtts iiiclv. 31^ Vi i I n me 53. No. L 

HUES, New iJiuduhells from the Smithsonian African lie pet! It Ion. By William 
Healey Del 11 Published July 22 P iblu. Octavo. Pages 3, Volume Gd p No. 10. 

1940. Development of the Digestive Cm uni of the American AWgstot. By Albert 
AC Bask!, Profott^jr uf Zoology, West v Sv^iit Lu University. Published October 
21*. 1910. Octavo. Pam 1 * 25, %vLr3 1 15 plutajL VohtUie 50, No- 11. 

itH7. Tlio Flying Apparatus «f the Blow-Fly* By Dr. Wolfing Ritter. IJodg- 
tins Fund, Published May 11+ 1911. Octavo, rages 70. with 30 pintle. 
Volume m . No, 12. 

J&49. Cumbrian Geology and Puleontelogy. By Charles i>. Wlleott* Cover. 
prulEniEmiry pages, and Index for papers l to 7, Published JuEift 1. 1011. 
Octavo. Pages li, 433-49$, Volume 5!>. 

Il^S. Two New African Hutu]a. By X. Hollister. IbaMhshed October 10, 1010. 
Octavo^ Vuw*a 3, Volume 50, No. l'>, 

2903, DescriprloQB of Ton Now African Birds. By Edgar A. M^mn Pub¬ 
lished December 23, ISUO; Ottaro. Fagga 7. Volume 50, No* 14, 

2fMH. New S^:le» nf InrtetJvQiw fr<nu BrltlKh Ht Africa* Uganda* nod the 
Suthiu, By Kdmnrwl Heller. Published IV^trinlwr !£!. 1910. Octavo. PagEs 
8. with ouo pin to, Volume 5*3. No. 15. 

SOW. Some Itiwult* of Recent AmhmitohiguvLl Rvplo ration in Perm By AM 
Hrdlfdka. Pubtlata-d April 3U, lull. Octavo. Pages H3, wish four plates. 
Volume No. IB, * 

2000. New Species of indents mi l Cnmlvoro* from Sanatoria] Africa. Pub¬ 
lished Fobruury 28, 11311. th-crivm Pluses 10. Volume $1 F No. 17. 

2007. Bibliography of the se Unit 1.1k- Writings of Ft. E. O, Stenma By Miss 
Mary TL Slenrns, With. Biographical SkofcU by WfUlota II, Dali Ihih- 
Llahcti April 12 F 1011. Octavo. Pages li* with one pinto. Volume 59, No. 18. 

2U18. The Silver Disk PyrtwHomrier. By, C. G* Abbot Published March 31, 
1911. Offtanx Pages 10. with one pi Lite. Volume 50, No. 19. 

200a Cumbrian Geology and PnIraatology, 1L No, 3. Middle Cambrian 
Merostomatn. By Churlee IX Walcott* Published April S ¥ 1&3X Octavo. 
Pngcfl lT-40 t with sis phm^L Volume 57, No. 2. 

2010. Description* of Fifteen New African Birds. By Edgar A BJenrau. Pub* 
!Uhed April 17, 1911. Octal*. Pages 11. VdIuhio 50. Nti 20. 

2011 + Cambrian Geology nod PaU^utoIggy. II. No. 3= Middle Cnirihriim Holn- 
IhuriuBH nud Modus m- By ChurEes D h Wnl&DKL PUbBehed Juno 13, 1SH. 
Octavo, Cages 41-OS, with Phitea S-13. Volume 57. No. 3. 

2012. Cambriaii Geology nud Pnli^aitelngy, II. No. I: Ciimbrlun FVumno of 
China. By diaries D. Waleti'lE. PuhliBhtal June II. 1911. OeEnvo, Ibtgw EI9- 
100. with Plates 14-17* Vtilume 57 r No. 1. 



SO AKKTJAli REPORT SMITHSONIAN TN STITCTTI ON T 1011* 

Tlie fbBowinp papers of fttoLBwmlah MiMlIntiMus OtillecltmiB wirs in prws 
at the close of the year: 

2014, Cumbrian t;**<Vta£y am] Pabwntolopr* IB ^' Middle Cambrlun All- 
m4ltlft T By Clisiflcs D. Walcott Paget 10D-1-14, with P bites lS-23. Volume 
&T, No. 5, 

rve$tctdptloii of a New CJenna ami Species of EtussiiB^Nfu frotij Bunainii* 
Pj B. W, Nelson, Volume 6fl* No. 21. 

Til- RUmiBU^AS JiatfOAl BITOEtTS. 

The annual import for 1D0O was published In Jaauary. 1011* 

UlfiC, Anniml Itefinrt of the Bwnl sf Regents of ill® Swltlwontmi Institution, 
Showing Operations. ESi'enilWuros. ftml O nil! t Iona of I he InufltiitEnn for the 
yeur ending June :u>, 1900. Oetuw. rnfiefl s, 751, wllli 7S plntw ftml 4 
maps. ConbtinlnR iMibllcntlniiH 1915,101 <1, noil 1950-10W- 

Sum 11 edition* of the follow!ns popera. forming the Ronerttl nppemlli *>f the 
Annum Report of the Bonn! of Reswiis fur 1900. were twtied la iimuiihlet f»nn: 

Uffirt. The Future of Mothenmttrs. By Henri mitten tv. Fnprti 1^1-110. 

1 H 51 . tv hut Oonnd title. Sopwlorlty In an ALrehtp. By rant BeqnrtL Rag' 1 * 
141-150. 

1092. ff tww nrliw lu JtJulkiteleirniphj. By J. A. Fltsilitj. Pusf* 151-1*®. with 

two plate*. .... 

HISS. )livent tn^nffl in rhynies. By Sir J, .1. TtwntBan* P*W* lSH-Siw. 
i0f«l. rmJoutlon of Low Tenipemnirett, a tut Ltefriceratlotu By L. Mart-ljlj. 
Pn?« 201-221. 

ISOT. The KRtfipl Question from Om Mllltnry StfD^pDtut By Charles E. 
Mutiroc. Pngcs 221 2311, 

IlKia Simon Newcomb- By Otmmd Intone. Piijmb 237-242, with m* Iilalc. 
l&W, Solnr^nidfatlon Iteaea relit*. by Jules Ctasr Janssen, By It *1? 1* Vaume 
rhn ini'L rappp 241-251, wish «m@ plate 

The Eetiirn of Halley's O-inct. By W. W* Oftmpbelt P*£ea 

wini four plates* 

lIKKi, Tb* Upper Air, By E, Gold ami W* A_ Ihirwwd. Pages 201-2^1, 

Tho Formation. Growth, and Habit of Crystals By Paifl Gmibert. 
PttfM 271-27$. 

IASI. The DlffarftrtitloB rtf Etemcnle tn Bocks- By Henry S. Wn*h- 

lis^irth. Pnew 

Tiie M«ban1ism of Volcanic Action. By IT, J. JoiiBten-ijirLaL Fa pet 
willi 3 plates, 

iin^ Coatirvation of Natural Iteswurees. By James Daoglaft* Pa^es 317-SSL 
The Art tactic Land - n-f Vk # torlu + By 3Iftiir[ce Klmm^rtnam Pages 

asi-ssa 

1JXL1. S-srtio of the British Antarctic Eijicdil torn 1WT-I), By FL it 

ghacklctdiL Pftget STiS-StiS, with 0 plates and 3 mn^s 
1 & 0 G. Tbo OwfiTioEmiphy of the Sea of Greenland, By B + Damna Pngai 
36b-3S3 f wllh 2 plates. 

VMT7 From the Niger, by I^fec Clrnsb to the Nil Cl By Ucot. Boyd AlefSftndar. 
Poises 3^5-^0O, with 3 plates 

1H0R Mefiopotaniln: Past* Prossent p is ml Futiarc, By Sir Wl lllaai Wlllcrock*?. 
Ptget 401-410- wills 4 plates nod l map. 

1SG3>. Albert Gandry a nd ibe Et olutEon of the An I nin L Kingdom. By Pb- 
GlanaPOiLE]- Pupes 417-423. 

1070- Charles Dnrwln, By Anpust WcIsjueitul Pa^es 431-432, 




REPORT OF THE SECRETARY, gj 

ion, Present Problems In Ftent Ecology: Problems ut l^ocaI Distribution in 
Arid Regions. By Yolnoy M. Spalding, Pages 4&MU&. 

W72. The Instinct of Stdf-conccaliueiit and the Choice of Caters In tM 
CnistMMb By Romuald MMklowJct, Pages 
1073. The Origin »hd Development of the Parasitical lmbits in (be CiuntUtifr. 
By C. L Barrett, Pages 487-492, with 2 plates. 

1974. Some Itemnf its on the Protective Resemblance of ®Ottth African Elrfte. 
By Alirln Mangaer. Pages 493-504* with 2 platen 

1975. An inquiry Into the History of the Current English Names of North 
American Laud ESrdte By Sptnoer Trotter, luzr* M5-frU} b 

197^. Condition of Wild Life lu Alaska. By Mud]Kota Grant, Page*; 521-^29, 
witli l plate, 

1977. Recent Discoveries Bearing on the Antiquity of Mm In Enroll By 
Georgo Grunt MncCtirdy, Pages 533-689* with JB plates, 

197S. European Population of t ha United States. By W. Z. Hipky, pages 
G^-GGO. 

1079. The Republic of Panama ami Its People, By Eleanor Yorlic Belt l%tcs 
907-637. with 14 pin tea 

19m Ceramic Decoration: Its EvolnUem and Application* By f^nis Emm 

cheh Pages 039-650, 

IftSL Soma Note* on Homan Architecture. By F, T. Bfiggafluy. 

651-007i with 4 phLiea. 

I0S2. The Relation of Science to Human Life. By Adam Sodgwlek. Paired 
GC0-GS1 

I0s;i, latelleirutal Work among the Blind. By Pierre Y1 lloy. Fuges Qg$_7fl2, 
im Tho Relation of Mo^initoea, Files, Ticks, Fleas, and other ArtlUroiKKls 
to Pathology, Hy G. Morale! Pages 703-722* 

Natural aeststnnee to Infectious Dleaifio and Eta RoluforwmmvE. By 
Simon Flexner. Pages 733-733. 

The report of the executive committee and Proceedings of [tie Board of 
Regents of the InstltutUm, u well ns the report of thu Secretary, for the 
fiscal year ending Jtme 30, lDlQ, both forming part of She numuil report of the 
Board of Beauts to Congress, wore published In pamphlet form In December 
1110, its follows: 

-8M- Report of the ivc Commit! to and Proceedings of the Board of 

Be^eula for the year ending June 30, IplO. Pages 31, with 1 plate, 

2WA depart of the Secretery of the Smlttuambm Institution for the year vnA. 
lafi Jane 39, 1919, Pages S9. 

The general appendix w the SnUtiesonlAn Report for 1919 wm in type* but 
actual presswork could not l>e completed before the close of the flerul ymt 
In the general ■ppeadLc are the following papewr; 

Melville Wosino Fuller, 1833-1010, by Charles f>, WnlcotL 
OmaMPi ndon of Rugs and Cnrpeia* by Aten S. Colo. 

Recent Progress In Aviation, by Octave Cbaaute. 

ITogress in Reclamation <if Arid Lflllda fn the Western United States, by F. IT, 
Newell 

Electric Tower from the Mississippi River, by Chester St, Chirk. 

Safety Provisions In the United States Steel Corporation, hy David S L , Buyer, 

The toqtntlon of an Ion, a Proclakro MunsurenieiLr □£ Its Charge, ami the Oor- 
ruction of Stokes's Law; by 3L A. Mllllknn, 

The Telegraphy of Photograph*. Wireless and by Wire, l«y T. Thorne Baker. 
Modem Ideas on the ConttJ union of Matter, by Jean Becquerak 

Modern Developments In Methods of Testing Explosives* by Charles fcl 
Muurnu, 

38734 s —jin 1911-d 
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Sir ffUUUB nuggins. by W. W. Cwnphrll. 

Thu Solar Constant of Umlintlon. by O. U, Abbot. 

AwroMoniiral Problems of Oio Southern Homl^hcrc, 1 st Heb&r D. t-Urtio. 

Tto Prwrcsel'e DtakNm* of the Enltra Atmwphora nf the Sum by Dr. 11 
Dcslnndree, 

BowTsr In AatTopbyrfen to the United ttiW by J. Boder- 

The Fnttire tfnbl lability of Hie Ear*, by Thomas Charter Chamberlin. 

Wliat la Term Rraml A review of cumot rasenreh In IsoaiaBj-, by iinlley 


Willie* ■ „ w 

Transpiration atnd I tic Accent of &ip, by Hcun H. ttlsnti* 

The stitrred Enr-FIowcr of the Axteca, by Wiliam Edwin SaffunL 
Forest preservation, by Henry S, Oraran. 

Alesanrlor Agnrals. 183MW©, by Alfred aolilsboreasb *«?<*. 
nro.-nt Work on tbe Dot orm I mil ion of Sex, by Ix-oiuvnl T»an mater. 

The Slgnl Horace of me Pule® Rat® in Vertebrate- Animals, by Ftom*t 

TfcT* Natural History of the Solitary Wasps of the Genua Syrur n Tlfl, by ft 

a CVmtrlbntlon to Hie Ecology of Hie Adult Hootila, by C- William Rtelur. 
Migration of the Pacific Plover to jinri from Ibe Hawaiian Inlands, by Henry 
W. Hensbnw. 

The Pltunaecs of tbo Ostrich, by Prot J- E. Dui-rdeii. 

Unnlfeatoil Ufc of Tisanes Outside of the Organ lam, by Alexin f urral and 
Montrose T, Burrow*. 

Thc Origin of DriildtPtn. by Julius rohoniy. ■ 

Geographical mid sratlntlcnl View of ihe Contemporary Slav 1 &»rlf^ by 

Lubeir Nlederle. , „ „ _ . 

The dive Dwellings of me Old imd New World*, by 3. B niter Fewke*. 

The Origin of West African Crossbow*, by Henry Hnlfuiir. 

Sontration on Farm*. by Allen W. Freeman. 

Epidemiology of Tuberculosis, by Hobart Kocli. 

IV. SiCKClAI. FUBUtATIOITH, 


Tlio following Hrtclnl pnblScattot® were Issued daring the year; 

11 ^ 71 , A Reprint uf SmUhseiilln M;itfc£uuitlts<l Tahiti Hyi^rtinMc I-iniu-tlon* 
By George F, Becker nnd C E, Van OwtrukL Pnbllidifiti Jftme, 1911- Osrlavo. 
Pages II, 3£l> 

lSi.12. ClnwtlWil Hit of PwMleatlooi available for distribution May* 1^10. 
Octavo, Popes 37. July. 1910. 

Op 1 tic us Rendered by the Interna Itnnnl Commission on Zoological No¬ 
menclature Opinion* I to 35. Dilate rages Oft July. 1910. 
imK Opinion* Bemfertd by the Interuntlouol Commission on Zoological 
Nomen^turc. Opinion* 20 to 20, Octavo. Fnpra 03-0^ October. 1010. 

The Mlotridg apodal publication was In type but bad not been Issued at the 
ctou? of the year* 

Slttl 3, Opinion* Rendered by Ibc Iniemadoiial Comtnlffltou on Zoological 
Scuoemflntnnfr Opbltm? 39-ST. 


KAMUAN ALAI5KA Sfaim 

The InsUiudoti received from Strs. Kdward IL IbLirlmnu several thou.mmd 
copies of volume* descriptive of the Uarrliium expedition to Alaska U 1S9S + 
y^jjsl SmithM>tHnn lllle popes wen? added to the veliLUits before dlotflfrutlOh 
by the InffUttitlon. The subjects vvere as follows: 

1090 . VolunjG I; NarmLlve- Gladcrs, Natives* By Mm Hiirrougbs, John MuLr p 
and George Blnl GtlimoU. Pnge^ lB 4 f with 60 plates uud 4 map*. 
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1P0L Volume II: History* Geography* Hiiton rcca By William EL DaU. 
Charles Keeler, R E. Femow, Henry Gunoctt, %Y i i 11 sl tii II. Brewer* <\ Hart 
Merrinm, George Bird Grlixnull, and M, L, Washtmm. Png** SOO T with 04 
plates aEkil 1 uinp. * 

1002, Volume It 1 2 Glaciers ami Glaciation, By Grove Karl Gilbert. Page® 
231, with IT plates and 1 map. 

Volume IT: Geology and Paleontology. By B. K. Emerson, Charles 
FaliChe. Wmiflln IL Dull. Id O. Ulrich, and F EL Kaowlton. Page* 173. 
with S3 plates? and I map, 

1MM, Volume V: Crypt o^a rale Botany. By 1. Carilot, Clem EL Cumlnltstrjs. 
Alejrnifler W + 33wm^ CL H. Peck, l\ A, SneCardo, Ik? Alton Snundent L 
Theriot, ami Will in to Trelease. Page* 424 t with 44 plates. 

Id&G. Vo]mile VUI 1 : Inflects, Pure I. By Will!ram II. Ashmeatf, Nathan 
Banka, A. W. Cn udell. O, F. Cook, Bella F. Currie* I In. re bin G. Dyer. Justus 
Watson Folsom, 0. Hoidomann. Trevor KEnciild, Theo. Fergande. ami EL A. 
Schwarz. Paces 23^ with 17 plates. 

Irani Volume IX: Insects. Part IT, By William EL Ashmead, D. W. 

CoquLUett, Trevor Kincaid, si ml Theo. Fergande. Pages 2SL with -l plates. 
P'ra^T. Volume Xi CnititneefiiiK. By Maty J. ttnlhtmu. 1 tisrrl- i Richards m, 
£. .1. Holmes, flail I^oop J. Cole, Pages 7,37, with 20 p]rites, 
iiwis. Volume XI: NfeEacftamA By Wesley It. Coe. Bryozoons. By Alice 
Robertson. Pages 2til t with plates, 

lftXk Volume Nil: Hticky 1 fields By Gustav Efcen. TuMcolou* Annelids, 
By Katherine J- Bush. Pujmft 355* with 44 pin left. 

2000. Valumo XI It i T-mmI and Freshwater *falltufc«» By Will him U. Dnll. 
Hydro! fl*, By C, Nutting. Pngefc ii.70. with Ifi ]dales. 

V. PUBLICATIONS OF THE UWLTEO STATES NATION AJ, XlTSfcLH. 

T3» publication* of the National Museum nre: {a) The rmnisiil rei*>lt to 
Congress;: nU? the ProceedlngB of the United Slates Nat loan! Museum; anti (c) 
the Bulletin of the TJaili-iS fltatwt National Museum, which Includes the Con¬ 
tributions from the United States Nntknml Herbarium. The editorship of these 
publication a In In charge of Ur, Mr mm Benjumlh. 

The iTEibllcnttana Ismael during ihe year comprised the annual report for 
1&I0: I-ni4TH IlLitf In 1771 of V- I lime pi loodtiigM ; p:i|h«rs I77C in I^Ti of 
voliciHfcw nud h . proceodtngs; pnf>i-r« : --V-. ■ i>M r mi l>:.p t ..f 

volume 4t r proceedinga; live hulletliiB oml ^cven pnrta of volumes of Contrlbu- 
Lions from tlio National Herharlttm, 

The bulletins wore as follows: 

No, 71. A Monograpli nf (he Fornmlnlfeni of the North Paeifle OccvUl* Part U, 
Testitlnr3Si1n\ By Joseph Augustine Onahmuu. 

No. Ao account of the Beaked Wlmk^ nt ihe Family ZlpMhkc In tlio OollW' 
tlon of the Pulled States Xatlooul Museum, with Bcmarks m some ^pedmuna 
la other Armn'lenta Vluscuais. By Frederick IV. True, 

Na 74. Ouo »ome West Imllaa EcMnolJfl. By Theodor Mortwem 
No. 75. North Pacific OpMuruns hi the Collection of the United Slated Nc- 
tSotml Mtisettnt, By Hubert Lymrni Clark, 

No. 70. Asteroldca of the North PrtdUc ami Adjacent Water*. By Wnlter 
Kendrick Fisher, 

In the series of Contributions from the National Hcrharliun there appeared: 
Volume 17 k The North American Sjtcclcs of Pan ecu nn By A* S. Ultcheock and 
Agnes Chase. 


1 Vfrtttffic* VI uni! VII hjkfE no| JH fc*?n pHrartil far gufaUoiHsiL 
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Volume 14, Port 2, MtFtfflfy of the Coconut Polm in America, Ky 0. F, Cook, 
Vofime 13L, Puri G. riie Type Localities of ITtintE First Ih^lte'd from New 
>C"iii>i. a Bibliography of New Mexican Bo tony. By Paul C. StandJey, 
VofWe 13, Pirn Tr A PreUmlmiry Treatment of th** Gems# Cintfilla. By 
Henry Fittler, 

Volume 13, Part ft, The Genua Tnlimim In Mexico, by J r N. Rose nml PpillI R. 

Stand ley; and Two new Species of Harporelln, Ly JL N. ijnse. 

Volume Bart Studlefl of Mwlejin imd Contm! Anifrlmn PliintE. S T a 7, 
By J. ~S. Ui'-iv, 

Volume 13. Part 10 l iriBcelLmeouH Papers. By Albert W. C. T. Herre, Win ram 

H. Brawn. Joseph H. Painter. Paul O. SLtmUoy, IMwjmJ S, Sleek-, arid II A. 
Gotdcmm. 

VI. mtLicATioss OF Tim rtmiur of American n-jfmriotnr* 

Tim publications of tlio bureau it re dtoeunuHl in dele II in another appeodbc 
nf tto Secretory*a report The editorial work is In charge of Mr. J. G. Gnt-ley + 
The following eight bulletin* were published by the bureau during she years 
Bulletin 30, Handbook of American InrlbiEta NorSh of Mcxtcft. Edited by 
Frederick Webb nodgii Party. PiiblMKl UHL Qelnvo, Vu:^ U, BrJl, 
wilb many hirures. 

Bulletin F>7. AuiLrj ill ties of Central ami Southeastern Mlt^url. By Gerard 
Fowke. (Report on exploration* made In UKtt-lDOT under (he auspice* of 
die Arclurologlcnl In rt.lt uu? of America.* FubRshed 1010. Octavo, Paget* 
vlb 110. with 19 plates and 20 ftfpra. 

Bulletin 40, Handbook of American Indian Langim.^-*- By Frnius Boas. Part 

I. With Illustrative ltetchy by Roland B r DLton i Maldu), P. EL Goddard 
(Atbamucna: FLu^h WHUun Jones, revised hy Truman HMielson f Algon- 
qulun), John TL Swurtou (Tlingit, Ilaklai, William Tlmtbltzer (Eskimo) ; 
[Fmm Boas: int^MuctJun. Chinook, Kwnblutl. Talmshlaii; John R. 5wanton 
mid Franz Boelw, Slouauj. Published loll* Octavo, Pages vll t I0O&- 

Bullotfn 4^ Iodinn Tribes of the Lower Mississippi Valley and Adjacent Coast 
of the Gulf of Mexico. By John R. Swanton. Puli tithed IQLL Octavo. 
Page* vilp S87, with 22 plates (Including 1 imp) mnj 2 figures. 

Bulletin 44, Indian Languor of Mexico hud Central America, and their Ge*> 
jgra I Distribution. By Cyrus Thomas, by 3 plus IL SwnntoiL 

AeemnpnnleJ with a hoHulalEe map. Published IfUL Octavo, Pages vll, 
10ft, and 1 map. 

Bulletin 45- Chippewa Music, By Frances bcnwmpfc PubUyboil Ot> 

mvu f Pngtsi six, ”u J, with 12 pin tea, * fl-urw, ami many mxish^i pieces, 
DuH< k U» CO. pjvttipliinry Report on a Visit to the Xavnho XitJonnl Monument, 
Arhconx By Jtaase Wnltcr Fmvtin. PuhllslitJd MIL O -Ihto, I'agea \ll, 35, 
wltli 22 plate® and 3 flguro®> 

Bulletin M. Antlqeltlea of the Mesa Verde Nrnlona'I I'jrrk; Cliff Palace. By 

J. \-ie Walter FwIeol imMahctl 1M1. Octiro. rnsesM, with SO nines ntid 
4 figures. 

vii. eDaLjCATio^a or the smithrootax *w5TmrtttmcxL owsswrATtiBT. 

Tliure w«ii no new jmbdcatloiia tovued by the A®trophyekTj| Observatory dEir- 

fnp tho ytKLT. 

Vllt, ABEEICAJT UlSTOfeMCAL ASSOCIATION. 

f PIio annual raporto of tbs* Aluedcnn HSgtokal Agsodatloti are transmitted 
by the QBsodndon to tbe Secretary of the SmlthAmiad Instltutton nud arc 
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communicated to Congress vote tins provision^ of the net of Incorporation yf 
the jsstHivhjUoti, 

Volume I of lhe report for the year IMS, sent Up the printer In June, iDOfy 
iTiis pobliahad In July, 10KX Its contents wore os fpllowg: 

Report of the Proceed Inpa of the Twenty-fourth Annual Meeting of the American 
HtstoiJeaJ Association. It/ Waldo G. Ldand, secretary* 

Rt iHtri nf Hie Proceedings of the Fifth Animal H*H,f of the Pacific Const 
Brunch. By Jacob X Bowman, seereinry of the branch. 

Report of Conference ou Relation* of Geography to History. By Erie Sparks. 
Proceedings of Conference on History tit Secondary Schools. Edited by Andrew 
Ci McLjih^iIIh. 

Import of Conference on Research la Cnttlrth History. By Edward I". Cbeyney. 
Beport of Conference on Research In American Colonial ami Revolutionary His¬ 
tory* By Herbert L. Osgood, 

Import of Conference on Research in Southern History. By Lyon G. Tyler. 
Keport on Fifth Annual Conference on the Problems of Stale mul Local I lis¬ 
ter leal Soclettea. By SL George L. SEcn^aL 
The Viceroy of New Spain in the Eighteenth Century. By Don E. Smith. 

Notes Supplementary to any Edit Eon of and Clark. By Frederick J. 

Tcggart* 

TJ]? Hifitorlc/i E Vales of the Cessna Records. By Joseph A. HIM. 

The American Newspapers of the Eighteenth Century ns Sources of History. 

By WHBam Nelson. 

The WlklemesH Gkisplp: 

1. Grunt's Com loot of the Wilderness Campaign. By Qm+ Edward F. Ales* 

antler Confederate States Army, 

2. Wa Conduct of the Wilderness Campaign* By Cgl. Will lam It. 

mofe T Baited States Array. 

®- <njt? Wilderness Ctotut>nten from Om Present Paint of View. By JfaJ. 
Ebon SwSfE, United States Artny- 

Xlnth Annual Report of the Public Archives Commission, By Herman V. 
Amc& chairman. 

Appendix A. Report nn tho Archives of the state of Maine* By Allen 
Johnson. 

AipendlX B. Report on the Arelilres of the State of Mlmaonrt. By Jonaa 
Vlles. 

Appendix CL Report on the Archives of the State of Wrishlngtbm By 

Jacob x. Bowman* 

Appendix I>- List of the Journals of the Coundte nnd A^mhtlcs nml the 
Arts of lhe 13 Original Colonics In America Preserved In the Public 
Record Office, London. Edited by Charles M. Andrews, 

Volume II of the W0$ report, sent to the printer April 28. lfiiO. had not been 
entirely cntnplded June SO, 1911- It will he mile up, for convenience, in two 
Fnrta* jHiges 1-SOT. tUT, eopiitiilng run* it end HI of Texas Diplomat^ 
OKresjMHidencc. Edited by Trof, Georgo 1\ Garrison. 

The manuscript of the 1900 rciKjrt to form one volume. was smt to the 
printer January 10, 1911, awl wns practically all in type before Juno 30. Pin. 
The manuscript of the 1010 report wag pent to the printer June 3. iDii. 

ix. eocinri- tw the Miaimaa of the jgmttfxaii mwcmmoH. 

The nmnuHcrlpt of the Thirteenth Annual Hejmrt of the National Society of 
the Daughters of the Anurtan Revolution, for the year ending October ll. 
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I910 h wtia received from tbe society February 23, 10ll< anil warn communleatM 
to CaogivsK or February ¥** In necordiim-e wllli tk% net of hiconhoratlau of 
lint I ut^nlanlloa* 

I. SillTflGOSSAW AWIfiOKf COMMITTEE UN VBINTINO AS0 I'DfU.ICATlOX, 

The edlmr hntt continued Era serve an secretary of the Smithsonian advisory 
committee on printing and jiuMlrailou. To tills committee liavo been referred 
itic nmnitfiertpfc& imposed for publication by die various branches of die Instl- 
to Eton as welt m those offered for printing In die StuRhsonSim liiscelhmeaus 
Collections The committee alpo considered forma of routine blanks and vari- 
008 nuittern pertisiutng to printing and publication* Including i be ^tmiltleti of 
paper suitable for text and pMm* Twenty- -four meetings were bold and 115 
manuscripts were acted upon, 
flespectfsilly itobmlllcd. 

A, Howaso Cejilhic, Editor, 

nr- Charles W* Walcott, 

Secretary a/ fAe Swift fomnfim 


Appendix IX. 


REPORT ON CONGRESS OF ARCHIVISTS AND LIBRARIANS, A NO COX- 
GRf:SS OF BIBLIOGRAPHY AND DOCUMENTATION. 

Sir: I have Lhe bailor to present ike following rejNjrt as the reprcsentnUve 
of the Smithsonian Institution at Lhi a International Congress of Archivists ami 
Librarians find the Interim Hemal Congress of ElbUt^niphy and L^ocumununion* 
held Fit Brussels, Belgium, Ln August, 1Q10. 

Tim Congress of Blhllujinrisphy and IVKiUcu^tnUr^ the first of the two 
congress fit Brussels bcM Its. meetings from Thursday, August 25 h through 
SaUtrdny P All giant 2 7. On the printed list *«f members there wore ou railed 24 
aH-HoclaDonfi, bureaus* and other organisations, a I Individual libraries and 
other Instilutions, find ICO p-mms by aaioe, Including duplications i.,n lists. 
Forty-fit* countries were scheduled us En relation -with the congress or with the 
rust I ml tntermitktcual do H [hi ^graphic, under whoso auspices this congress 
was held* him] there were nctiiully present rep res^ti tut Ives from at least Id 
CtilllHrleft. JucllldluK* besides lhe United Stilts Uncut Britain, Fmhec, Belgium, 
i fie Nether land tiurraany, Austria,. Rush hi, Swllswlthd, Spain, riu!i- 

ffiil'fiL, E..... I'l., Norway* «■ ttml Turkey, ul.. n fimitlnd !hth.,un being 

acEmilSy present nt umst of the meet lugs. 

Tills congress was officially opened by 1L Paul OUet + erne of the soctcinrEest 
do hin^o of the work of the Instltut International do BlbUppaphlfl in collect- 
Bag ciii.Lilogue cnniH for every known scientific publication mid their umiuge- 
taunt accord Ittg to the Dewey decimal clarification Jiyutem: oleo nn author's 
catalog!nr arranged nlpluibeLkuIly: a celled [uit of picture postal curds of 
Institutions Lind public buildings from all jr.irta of the world, as well ns of 
prominent porsanB, ami a collection of photographic negatives covering all 
subjects* from which prints could be made, for persons pursuing a certain hue 
of study. Hu explained that by documental Ion was mmnt the collection and 
pienerilng for roforooeo of a series of newspaper and magazine dippings with 
their Ulnst ration^ He referred to the International Exchange Service and 
mentioned In glowing terms the work of the ^mitlisDulon Institution In orgnn- 
Izlntr and conducting the nr?Ice in tbs United State The emigres* then pm- 
i*edM to consMor the following subjects: 

I. Documents; 

1, Boeka, reviews,, JotirnnIs: 

2, Illustration?,. foreign photographs; 

a. Arch Ives, ancient and administrative 
n. Works and collect tons: 

1. Editing; 

2. Library cataloguing. 

3. Collect Eoms; 

4. EacydopodSe arrangement* 

UL Methods* 

I Cord*; 

H Rules nud dassllieaUosu 

&? 
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H\ Service,, Loan coplwt nncl pxpIuieicpb; 

1. PurtlnL geoerdl, mid Bpccinl? 

2. National; 

3 . IniwiAth»kfil. stH ispid : 

4. IijtanidlE(jiLLil R ncSontlflo 

The stiWwt Ll FMoroatlaftiil Kxdmttkvs wus br]i»fly njviewwl, imd tin? f«i- 
lfVf«iTl-jj rralullOEl was passed: 


IE if; di'WmblG lo proi^ld further tlwelqTjuients ot IttlenmUonnl 
wrvlw. ^ek^qIJj- in obtaining rrequcui dlupatcb, in lacrtmtftig tbe zimator rtf 
ivumtrk'^ talcing t«m In tLe fnteratlonnl cqavontton, mid in providing for 
gratuHntis: tmusmlttlGii «rf nil comsnund^we retatlTO to t^qtj&rt for cxebungpea, 
Mi* rwulpis f-ir publication ft and to their rttfunL It toCKpecJaUj durable to 
adiiili froe ur bem-fklnl flftoclAtlang cthI Jn^ltatJons to snjeli exnlmngp. 

i t \n ili-KSnibk- limit the SniitbfiCKrilan IiiBtltutloti, the Initiator nf tho wr*\re of 
liiEernjulniuil exebttngeft. Hhoniri itself promote the revision of the iutcttmCorml 
convent Ion of 1SSG for the pu rpose of ruatbdng these ImprovemontH, 

The Oaa$ress oilHiallr vlsltci! the Congo tfarntm at Tcrvnem and elfmkl 
wtlli :i hm^di't on Ehe ovetdnp of August £7. 

The CaiiftrofiS of Archivist* nod Ubmtfane, second lo assemble, hut rtrst to 
r<*lnt nf number* nud scope, mot at Rnwels from Sunday, Angus* 2$, through 
Wednesday, August 31, under Hip- *t»t»ktii of the Association of the Belgian 
Aftbftistsj nud Librarians, if. Louis Stulnter, iiflnilnlFitrtitrir-ln*p«rlor of the 
Itoyal Library of Belgium, holug (he oETicItil !n clinrso of the prpllnilnnrj' prepa¬ 
rations. The printed list showed IS countries represented |.y national com- 
missions (with cspoelnt referenci* to archives). )2 count He* reprwcisicd by (un¬ 
do 1 delegates, delegations from !) Belgian learned societies, *10 libraries nod 
other (ns tin it Ions entered oti the registry atm 3.50 ImHrfdnnl natur*. these tost, 
of eoiirstp, rejin«entlng the personnel of the reprosematIre delegations as welt ns 
Individual memhem, These 3*8 enrolled participant# rspresewed 21 different 
countries, Including, besides the United States, England, Canada, flermany. 
Fro lice, Belgium, Holland, Austria, Hungary, Spain, SwJtecrlitnil, Portugal, Hsis- 
sin. Italy* Briislt, Cuba. Denmark, StoIod Norway, Luxemburg, and Monaco. 

Till’ ecagrests was convened on the afternoon of the 2Sih of August with 
addresses of welcome. and Immediately divided Into two suctions, the archivists 
and the llhrnrlanf. which hold separate meetings. My time wns largely de¬ 
voted In the library section. and the discussions relating imrtleniarly to Ubrsiry 
methods included cataloguing, clnsdflcHtlon, and the placing of books upon the 
shaken. Mj l*per on the internal loan 1 Exchiitigi* Ptorvice^ having beeti printed 
In advance and distributed, was re:ul by title. This paper Is «s follows: 


There Is m. more Important subject io tie discussed at lltc Oontrrt* im™. 
nniroiia] lies Arrivistes et rte* Blbllothncnirre timu that of the lutermitkmn] 
exdmngi*. as the value of thnt service tn llbrnries can not he <pverostini:itod 
The Mine hnn eome wli« n the scientific and learned Insi Huttons, the public the 
research workers, and the ntuilents of lltenituro demand the scha&tlflc'ard 
llttniij pobllcntlotut of the world. 

Coturidorittg the question “Buna quel sens a-t-il lien de r.V<reaulser of 
d’Mondre lo service de» echimges httemnrionnux " from an American i H dni of 
view, it (h-p-t not apiienr that reorgon lint Ion is what la needed, for n svatem 
of lutenim Iona I eaxliuiu.-oa working wltli the hearty twipenitloa of all mitions 
line not yet over been developed on rite lines of the existing convent funs, 

Tim present InterimtJoanl excImoHc service is operstthg niuler two «mven- 
(Emm made bctwwm certain powers, and the work is based upon them. One 
**f these, signed at Brussels In JRSrt and ofQclally proclaimed In issp, u] !K j P 
lirovlsfoti for 1 lie exchange of ofiiclnl doeunionts and ncleutillc nml iltcmrv 
P 1 1 hi lent Ions, The oiher. which was concluded and pm) aimed m the attnn 
thne. provided for the immediate exdmnoe of the ofltelal Journal, as well os 
of the parliamentary amuile tmd documents of (ho contracting parties, Tim 
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Convent Iona were broadly worded amt nlluw^l for the mlhcreuco of inker 
Ftntes cluiti those that became stgonlotto* at the tlmo. Tin? sdgiwnf wore the 
ptonl[otcnttortos of the Unhid Staten of America, Belgium, BtnssU, Italy. Form- 
1*1 and the AJgarvcs, Sonia, Spain. and the Swiss (^federation, Later the 
Argentine Republic Paraguay* a ml Urngmiy signlflcd their adherence, while 
Itolfvto. Clilie. Colombia, Ch*[:l Rica, France, Liberia* the Noth**lathis. KViw 
South Wales* Peru, Qn^'n^laud, mid Itu^tn June e^tnlilJidied InieniistliHiiii 
exchange bureau# without* bowever. giving tbelr formal adherence to the ooip 
ventlons. From this It will be seen Hint Lhore are eleven siuLcns that have 
adhered to the conventions and an equal number that luive c^iublERlicd bureaus 
without Lidliereece. while Great Britain. Germany* and the other eonutrSea 
eon tribute no funds toward the oman Caution of tills movement. 

It is Ihoreforo obvlou* that nnrier the existing conditions It li not 
tioii but organ tEiit ion that la needed* and ibis iuuj readily bo neatunpilidK'd under 
tlLe convention* now In force* as they form a firm founder! Ion for n sn?ot 
Internal Ennui EindltulEom The provisions In those conventions made twenty 
years ago muy netd revision In order to conform lo wnt Irclcrmillounl tidviiitL^ 
ment, and It la pjsslhto that the powers that have n I ready agreed to Ute eon* 
vent tons and tent their support might bo willing to reopen tbeni. provided 
that the pnwm Hint have not come In are willing to Join In the organization 
of an Internal tonal excluinge serving 

Tbo Into.mnHo m 1 exchanges ns now carried on are of two dasseo^HwdentHlc 
ls nd ill era ry publications* nad official GoT«maent publications. Tito first 
named of Lhcse Is of the utmost Ijupartourp to the cans* of rduorUa-Ef. Vith 
KcbohiNtta and teehnlcnb which tko present service hu$ mater In Ely advanced 
by ertnbling Individuals and Institutions of learning to disseminate knowledge 
without ruwtrlclhin and practically without, cost to tiiomselvot The ^1 entitle 
msUtutlmiB ure appreciating more aud more tlie fact ibnt their cEHlowmiULto are 
entirely Inadequate to provide for the many mills marie upon them, und If 
In addition to priming their own pu hi lent ions tbey should have to purchase 
tbo^ of foreign Inflilttitlaue ami pay the cost of tranapertoLTon h would mean 
thri! wsmo pari of ibelr work would have to lie abandoned. It Is therefore to a 
gystoru nf Internal tonsil exchange that they mm loot for relief In this matter. 

The ttoveruiuout exchanges an* um^iry In order Hint Government* may 
iwertaln wbM is being accomplished along similar lines In other countries, 
and ah mvh pub Unit Iona nrc issued at the expense or the Government* tJ ivy 
Elioulil atffej lie distributed at their expense. 

The Intenmitomil Exchange Service of the United Slater Is? cinder tbo direc¬ 
tion of the Broil tau-tdan Inatltitiinm and wHA originally Inaugurated for iho 
purport? of trAimlttliig pubficntlons pmeattf by Institutions ami imllv [duals 
in the United Stoics to correspondent* abroad. In exchange fur like contribu¬ 
tions from such reeiptent^ as one of the meet efTtelent mmnn for the "diffuhi.m 
of knowleilgc aniotij; men.” ami the entire expense. Including that for tbo 
oxcLuiukc of doeiuiients published by the tioverumeut from 1850 le ISLS1, was 
WiUl fmui the prlxnio fomla of the ImcUtutlou. 

Through Lho action of Cou cress. niKin reoemmoinbittoci of the Deimrtmeut of 
Riat- , the Smithsonian Institution is recognised by the United Staten Govern 
iueiii as the American agency for tbo [menu it Iona I exchange of governmental. 
seleiii(fh' + nud blernry publlcntion^ Ry the cpugreestonal resolutions passed In 
ISHT ntid loot ft certain number of Uuttni Stoics Gorenmieut publico Uona 
jiro set a si ib' for cxchnnge with those of toroku countries, tn be wnt regutorty 
to designated depositories, fn acroittnnce with those rOffolutJons tiion- nre 
now forwontod abroad W full ants of United Stotts ^JHcLal pubHcatloos and 
33 V^™\ sets; the mfichil joarnal of the proceedlugis of Comiress, tlm 
CongTcealMial Record, is transmitted by mall dally to encli of the Perltocdento 
that to willing lo reciprocate. 

During the flaeal year ending June 30. W. the number of paekagE^ for- 
wanled through the Intenmtioiuil exelmuEt 1 * of the United States amounted 
to These ]iaokn^ee were sent direct from this eonatry to the one 

for which they were Intended* and frnm loug Experience this has iMhcn found 
to ho tlje quickest and most eatUtoctory method, liurfpg the Inst year nmHv 
2,^)0 boxes were shipped In ibis way without the toss of n single ctuml-nmDi.i. 
Shlpmonli Eire made regularly at least once a month, aliould tbo sending bv 
hut one imcfogc. find to the Inrgfr countries every wi>ok r 
A card Index Is hept of all correxpondHUt^ aud upon these corda np> 
recorded the packuges sent and received by each lustUnUon and Itallvldunl 
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Oiere UrO now in IIjc» United ft tit ten S.000 Institutions nod S.QAQ iudSvIdtillla 
m^enlcd Jn (LlIh inOuX. while i.1 ■ l■* foreign InstiTutlous number llk&DO und ludl- 
vhiiMl* :i4.2tfA A list of I ho foreign tjocleiLcfl and Institutions Is published 
from Unit! lo Ltiue under the tide of 41 Internal Emml exchange list/' llu* latest 
iHr ue tn?J o r- tint 1 of 1 1 ■* J-l. 

Tilt* pubJk ilDcnnteatsf m/elved from abroad In exchange are placed in the 
lib rary of CVmgresa. The publications received from the ticLeudsle and learned 
socJoiU-f and luHtltuttruii of the world form jus important purl uf the library 
nf the SmfthmnEati lur-tUtitlon, aud while those ri-uti!E ti the property u£ the 
Infill Lit ton tiny are In areal purl defUMtltnl in Iho t library of t^uigrcra. 

The needs of Ibe liiicnmiiimul exchanges under prevent comiltiniiH amy bo 
muoniarizcd uf follows; Tlie adherence of .iLt the civilized DtitlunA of the 
workl m she presniil cun volitions. "the members of the Oncress of Archivists 
ami utifrrltmH cun do much lo furtlicr 'be movement by leading their efforts 
to n rouse the interest of the scientific and literary Institutions und societies 
it Ltd mow rumen lul lauthorltles in Lbelr respective countries, Lo the end that 
cdhi-ln I JictLon may he inketi. The ?a.-lautUk- Insl ItulluliA uhd KOClellire of eUCii 
country j*!n>iikl nmuiine the worthies i>r the (ptertuiiloiLul exchange system 
ei hd elicit i-\'idJLtki^.' of [KibltrulkniF from like Focleties abroad, using the 
service ;lh a medium of transmission, 

‘Governments should provide ji Ktillkletit number nf r-et^ of their official 
publication* for cidm^D pirr|K'F~.'H In writer (bat each country may have a 
fall set If desired, ami la addition there should be copies of the official Journals 
uf [|ji« I'jirlisiiEii'LiH. or similar liodH for ttse interparliamentary exchanged, 

fturoMiis already esta bUshcd p nu well as those P* hi' pstn hi 5 shed* she old he 
l*fnnlcd u u iLppr»'|'rlntkin that will allow the lurrying out Ik full of the Ft 3 pit- 
111 Lions of the conreritSous. A wollpuld and energetic sniff with n well-equipped 
c i itiic wi 111 Id I ns a re cxpallll on a w )tk and p roinpt \ lei I v or>% ' I'ha I itvsHai t facll I lies 
for rapid irunaportntltui would Lh? grtvilly luemtsi^J by each tntermitlcmal 
evfluiJi^e i-hire having the frpLnklng prlvlh^c, aneb as Ea ulEciwed in the rtilted 
suiM-s. jiud tho grantlnB of speelnl eoneesslous by the r^ot n iuborllh^ thrcniKli 
the Jntenmtlona] PoFfnl tjnlou t which, could i>0Kjdbly be arranged should every 
nation become u pnriy To the present cmivcnllonw. 

The mtenintlunal exdlan^ ^tkOUld lie osier.dod to every tinurEer of the 
Klbbe, and effnrta should tw3 ramie Lo hrlnft the powers te recline the necessity 
if perfects# an ItiatStutlon iLlriMdy cstabllAbed which baa for Itu object the 
,H Increase and dillusion of knowledge among niftih” 

1 gave n idsurn^ of the contouts of the above jnijn-r and wuk jisked for sum® 
resolution which could tie passed by Llie eongrrss Laoon^ratlrs a sui^estloa con- 
talnod In lbe jiniMT " LhiU tho member* ef the Coiig^esa of Archlviats and Lk 
bfttrlnns could d^ euulIi to further the movement by lending their cCfortB tn 
arouse the interest of the s^-lonildo awl literary Institutions and socleUea and 
^urernmontisl ftdthorittw in their t&tpee tlve cnuutrlofi, in tla> o«d that oilldal 
notion may be taken. 114 

TOe foaolulinn wm presented lu KurHsL^ tranalutecl into ^Tencti. and again 
trnmdnled Into l^iurlhih, and apj>enrs as follows In the Library Journal: 

That the aclotllfic and iUemry InsiitutloEis, aa woU m the governmental au- 
thorlthbi uf nil countries should unite their efforts to obtain tJio ofllnial pre¬ 
vision for liiiertjntionijl estchanges.—YL Q. T. Intornutlomil EhccImui^oB (Paul 
EtrockatL Wash! ugtob )« 

Ecgardiug the use of the exchange service by private institution*, M. I-ingloH 
BibHotbtoilre-cn-cbof do riustitut Cathollane t of Paris, having experienced same 
difficulty in sending packages £rnm France^ preaeuted the following resolution: 

That the international exchanges should he accorded* liberally and to the In¬ 
terest of nil wnrfccnsH to osHnlihahm^ritH of private initiative (libraries of free ift- 
*1 tint loin anil learned societies) T which coafomi to The gencmt regal titlona und 
pnivMe reelprrudty,—VII. (j. 7. (1L LnnghiLSp I^rls, ns atneoded by M. 

jdiUfe BmxeUefl*) 
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I hod with me n copy of Article VII of ti ie conventions of im In both 
EnsiUib and French, which woa read; 

Abt. VII. The bareflUB of exchange will serve* In an official enpactly. «s hi- 
termedlartes. between [he learned bodice :md literary nnd noLoutilSc societies 
oic^ fir the contracting Sttitrc for the reeepilun and tnUMUriaaloo of their pnb- 
llOUlfiUH- 

ir remains. huwtrvof\ wed nndersirNal thut* In such onw 1 . shy duty of the 
bureaus of exchange will he confined to the free tmnPinlsKCou -*f the work* 
exchanged, itnd tbut these btmitufl will not In any hihhuct late the itiitintive 
to bring about the r^ablMuuent uf such relation^. 

One more involution was presented: 

Tlmt the R?rvl« of In ter nation'll exchanges should bo developed In the roost 
complete mminor in the i^ii fell >fi ting coontrlee, and that Hko organic lions 
fcbouUI be created hi ibo other Shites,—Vlll, Q, 7. (M. Sury. BnmUw.) 


In connection with attending this eon stress tiermlsalon waa ghen toe to visit 
the principal UhnirLea of Toudou, Paris, nnd Berlin, and observ'd Eon* wore 
made and ore con I allied In a series of note® tllfll down at the time for refer- 
tnee io the Bmlthwalao Library. When the HbNrlui wore dosed, I occupfvl 
my time In vbilling the museums, taking notes of method- 1 ^ etc. 

Respectfully submitted* 

Paul B^ockctt, 

AitUtmt Librarian, j 


Dr_ OuoLes D* Walcott, 

ifeorcfiirif &/ (Ac /rn/lfitimn. 


REPORT OF THE EXECUTIVE COMMITTEE OF THE BOARD OF 
REGENTS OF THE SMITHSONIAN INSTITUTION FOR THE YEAR 
ENDING JUNE 30 , MIL 

To the Hoard of Rr&cnt# of the SmUMonfan Fmtitutioni 
Your executive committee respectfully submit the- following 
report in relation to the funds, receipts, a ml disbursements of the 
In^titiitii.iu sind u statement c«f the appropriations by Congress for 
the National Museum, the Intermit ional Exchanges, the Bureau of 
Aiunri- an Ethnology* I hi- National Zoological Park, the Astmphvsi- 
csil Ohwrrotpuy, and the International Catalogue of Scientific Lit¬ 
erati! re for the jmr ending June 30, l*>11, together wit h balances of 
pi evioi ls appropriat ions. 

sun i .vs ti TH'i ' io y- 

Condition of the fund J uhj /, Jf>l L 

The permanent fund of the Tnstitutkn and the sources from which 
ir Ii:is been derived are ns follows: 


atroKirtu isf tin ■m-Aflxnir of the uiutiu status. 

Bequest of Smithson, iw& ----- $ 510 , 10 * 3.00 

Rralduary lesncy of SmlLttBon + lStfT w - ., __ 2C P 210.lift 

lN?lx+3c frt\m Fuivlnga of taoiaiuv1 isOT__ __ 10S,G20.*17 

Bopsti of James Hu m! I km, JS77L— __ __ $1,000.00 

Accumulated hiti-rest on llhmtttcm fund, i t m>;u_hi 

--- 2.000.00 

Bequest of Simoon IlnWL _„. _ ___ rtfio.oo 

L^H^sltF from pnxrele of sale of fronds, lflSL_ ______ rA, 500. 00 

tun of Thomas ft UmtakhiK, jsui— ___ 200 , 000.00 

Part of rcsSdt mrj legacy of Thomas U. Hodgkins, 1S3>I __ S, 000,00 

I permit from avtngp of Lncottnv 100 ft ---„-_- 25 , 001 x 0(1 

Uoalrhinry fr^arr of Tlionmn CL ___ 7.01&l>n 


Toliil timuiinL of fund Iei tbe flailed §t&tvn Treasury^_ M4,01&A 

OTUEII itESOUBt^Sv 

lfr^tercil and injnfjiuloed bonds of the West Slioro RnLlrom) Co., 
port of lepnry of Thomas CL Hodgkins (p;ir value)..___ 42.000,00 


Total |NTnauH-ul final_ _ ____ —- - &1S. fU} 


Also four ftnuill plews of feel estate Miuea<l.ie*l hj Robert Slnnton Avery, of 
Washing utt* D, Cl, 
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That part of the fund deposited in the Treasury of the United 
States bears interest at ti per cent per annum, under the provisions of 
the [set ipf Congress of August 1.0, 1B4G* organizing the Institution, 
and the act approved March 12, 1804, The rate of interest on the 
West Shore Railroad bonds is 4 per cent per annum- The real citato 
received from Robert Stanton Avery is exempt from taxation and 
yield* only a nominal revenue from rentals. 

Sintrmmi <?/ rccaipit md dkhuFStftlC*** frtjm Jvly J + into. io Junm fftf* 191L 

hjck irrs. 


Cash on dejHJsft Joly 1. ltU0_,-„---- - -- BW*88 

Interest on fund dcpqaUpd In Called States Treasury 

duo July % lim and Jnn. 1 . im -,-— f 00 w ^ 12 

Interest on West Shore iCnllroad bonds dqo July 1, 1010. 

and Jan, 1 T IDll ___„___ « -— - UOSO.OO 

Repayments, renin Is. pnbUcatlmtft, rto- . - 10. ML TO 

CoatHbutloiiJi from various sanfees for specific purposes- iJ, CIS.43 

■---- 438 , m 


IIS, SOD. IS 


DlSSUBffiUtltTe. 


lUiirdlngh, care and repairs __-— ..... C,0I5. S5 

Furniture oml fixtures?.- -_- --- 043- 00 

Genera] expenses: 

gaff-rtaf ___ _ __ 41 A J rtf. m 

Meetings— _ __ __ __ m 0D 

Stationed -___ - _____ „_,___ 016 >1 0 

Postage, telegraph, and telephone___ TTK *1 ft 

Freight __ _ _ —- - - —— — —— 10ft, 3ft 

lucEdrnlala . .. .—--—— 7S7. 3ft 

Garage......---___ --^-- ft. tt7S*T5 

Fuel and lights ----—- 21H, tM 

——— 20 * 028 . «r 

Library, .. ..—-----_ ^ Ml, 14 

Publications CLtid their distribution: 

MlsoeUftncous collections.- --- \ ®s. 9$ 

Contributions to knowledge -——- 230- &* 

Reports - _____,,_—- 040-10 

Rpeclitl publications^ — -----—— 331.10 

Publication supplies ———.-~--—— 2G1. 53 

Salaries _ _ _ _ _ r . ....— P - ^OiR. II 

Alaska Series. _ r _ __ _ ___ 14!>, 87 

- mm 27 

Exploration ft. researches, und col left loan, - — 10.1G9.J7 

Hodgkins specific fund, researches nod publication*—- —- fl r l2t. ID 

Interna tlonnt ExchaHtfW.—- -------~--- - ---- 4, SG£. 41 

Tj^lil nT pnHafMI _ _____ - - - --,- 1^ d00. 00 
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CiJiUer^ <«f Arl. --- ----— - - - - -- t®- ^ 

AdvflflCffl. for flplil psihjiiw? — --—- .... 4. -inO, TO 

App*fBtTIH_^„-—— ■-----— —— 200' 00 

war4* os 

Maldnue- Juflo SO, UUl, deposited with I lip Tr*n surer nf Ih- United 


States ____ _~-™-—.— 32**2StG8 

n^sw.lg 

By authority, your executi vc committee again employed Mr. 
Mlllium L. Yacger. a public accountant of this chy, to audit the 
receipts and disbursements of t lie PuriEhso iiian Institution during 
the period covered by tins report. The following certificate of ex¬ 
amination supports the foregoing statement, rind is hereby approved: 

lYjLffrnjtimiit, ix c’U $ t inn, 

KlKf E tlVE CjJilMlTOT, lfOAELD OF HlMESTR, 

^FrUlfr^senfurt ImfituHnn* 

Sibh ■ [ hn re cm till uni tlw* jicvmmtfl ?leh 1 vnuebens <>r tlu k NiiiiUI j- tiI jji n 1 limita¬ 
tion f.ir tin- ilwiil year ending Jane 30, lull* and certify the foUnwItig to b* a 


correct pta truant - 

Total -—---—— - 

Total fllutium’mesitR— _---... 

Excess over receipt* --« % 03&, 22 

Annum! fmiu July I F imo ------- 3E.SM.83 

Itabiurt 1 oa hand June 31’, 1911... --- —-- :t2 r 42Tt d fU\ 

Balance tf^ra-n toy Treasury -'sintement June 3R P 1911^—. .. . , 34,44rx95 

Less ctitslfLiaUn g ehcckfu ----- ———-—- ^ 020- 29 

Ttltc balance June ."MX 1011- -....--—. - 3^425.68 


The vouchers represent hip |wiyuient h frrmi iUe SmlthHoiihm lacunio during the 
vnir. reeh of which bents the npprmal of ihu ^vntfiry, or. In 111* ntattorG* of 
it, r acting secretary,-and ti ccriMrata thnt the materials and services charged 
were nurUed m the purposes of the InFtUntioti, hare been examined In connec¬ 
tion with the books of the Institution and ogreo with them* 

i Signed} Whuam 1- Yacte*. 

PhAHIc jfcrcuujfdnf and A tolUor* 

\[) moneys received by the Smithsonian Institution from interest, 
^ale?s refunding of moneys temporarily advanced, or otherwise!, are 
deputed with the Tmisnrer of the United States to the credit of the 
Institution, and all payments are made by checks signed by the 
secretary. 

The expenditures mndc by the disbursing agent of die Institution 
and audited by the Auditor for tha State and Other Departments 
are reported in detail to Congress and will lie found in the printed 
document. 

Tour committee also presents the following summary of appropria¬ 
tions for the fiscal year 1911 intrusted by Congress to the rare of the 
Smithsonian Institution, balances of previous appropriations at the 
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nf the fiscal wur. anti n mounts unexpended tm June 30, 

1911: 



( Anlfobl* 
ill nf Ink Ip 

ma, 

UmIeuics- 

A ppropf Litkiuj Jxunuifcl red by IVwuxft— lct thr r.,i r ul Lk. C um. 11 lit lull,: 

Ifolrbiaclopiil K irEiabcu-, ilMJ.„.. ... 


■ la 94 


2 P 5UU>. Z3 

11,47 

7fI[«Tnni tofinl K-ifthnIi^r-i 1H1.L. .. .. 

zijm. iu , 
1. 15 ' 

a.KOn in | 
42*01). m , 

mai 

Uttmw 

^l>7 

m. u 

7. r*B \m 

■ i . i r. 
isar.ffli 

American Kt buufogy., lUtek .... .... 

AtiMficiui El bnolrtpy.lini.. .... ...#.- 


Adn^jM i j .w . . . . ... . . 

CTH»#rnilflfy, imp .......... ..- 

AfltfOpfeV «li'fll OlWfllnf^. mi . .... .. ......... 

Intenmtwmid Catdafrt* lUtt. . — .. - . 

r:i[iT1]iltlull.1,1 t'itjliviiir. ITI10>_ .. 

Tnti'nSIll. ilili.Ll ('.tlJUl.^llr 1 , | | .. , .. .. _ 

X Ifth. N5 
Ul.« 
IrlflP 
■Miff 

1 71 
CtT. 12 

til* tutor*SmlttiKiiLhu biilldmi, , . i . ......... ,,. , . 

19,00,00 

« ni 

DilifflV 

N&liffipd niiK'unl — 

* Icimifcijfif wid. lljrtaiWp 

1 frl 

Fo4ti1iu.tt? aim Lilly. .. ... . . . 

iff 

LliS.EfiW. 01 

n7. lo 

►O’Al 

I'lLTEi ll'ij , i,’i aiirl n \i LUCS, 1611 .. . 

Pra* Itik tin <1 i\R bHli& V-* f ....-.. 

54. IftLift 
i 137- 3 a 

Ifni las mid 1 IjOitiru!, nw .... - ■ ...- 

Hmi tnjf hh! llsbiitia. 1911.... ... ... . . 

H.GLlkKJ 
;eMX«i ii’i 

y.rn. It 

rtrar^^tJub. Dft^LjvlkrOfl, 1ITO _, . ....... 

££1K> 

L17!. ws 

IVMOTVfiilun of coEl^rl lito _..._ 

APMOCtlA 

tt m 

R.mi.M 

] !- nMJTJTTii1rjti pf tiiiliT 1 luD2i 4 191 l .. . 

2fl.f21 hO 

Biwifi, l to „ . , . , .. ... . 

* 1,75 

lltinki, 1BIQ , t . Jr -- *■ ......—->>-->->- * ■ —!■ ■■■■■■■■ 

mi . ^ . .... ,.. 

l.x&m 

j.imoo 

19.56 

•Q&ty} 

I'mljirr |U 1 1 . 

yn. < hi 


Boil^tni r l j paira, IVOP .. . .. . - 

auo 

■ ii. 

llml-hn^ ■p-'fin-r-i, IMn, , ___ __ . ..... 

a.-tto, ;hi 

aj so 

UulMIcif oppaSEftt nil., . ..- — ■ 

Unfit 01 Wuttaihiififi. IB(lft ... . . . 

I5.G0V.ffll 

M 

i.m 

T^TTI penury POBaimncy of tjor.-munnl hukliEin-i Tuf Li f JLI- 

pEf id....... ..^ . 

IS.lffTS-fH 

1 1 ?k nm, r ?7 

TraDlfitr or fpfrpEuicicli si ;lE- nE WtUkblciellHI 

m. 74 

i 409.74 

UdrfQ#eoiscciliiiffltartpwbcLlliflitg. r . .............. . 

21.71 


nulUtiu, Naikiul Umm m .. .. . .. 

77.Q0a.ffll 
n. 2 & 

■32. WITS 

KtffcJqnal XndogkMl I^k, |W. ...... 

*■ I3-3S 

^rit knnl rmS.-, m n ..... ..... 

BE tonal EmlqRkal Fu-k, 1911 . . . , .... 

soften 
iii.noti «i 

4Bfl 



1 tn trrrdJt «4 unjilai fpnrl. 


fiiatemrnf of ftuy>mr from ihr gmuhAtmirtm fmid ffmJ other mvnut'w, noticed 
ninf pruwprrtirr, OrtfiblWc itarinff the jftfOlJ ymr ending June 30, 1212. 

Balance June 30, _ «£!»42G.fl8' 

Interest mi fun-rl [lpponEtnl In Unit fml State* Treasury, 

duo July 1, IM1* nnrt Jan* 1. 1012 __- CTk IJOvs.nO 

latareet on West Store H. It. tmndm due July 1, 1011, 

nnd Jan. t, 1M2 _ _ 1* 090- m> 

Excha Eiso repayment*. «v 1c nf pub] Ecu E k hi* rent n \ r i fc E e. . \ T**! 4 ^ 

Deposit* for spoclflc par] pores. _ __^ „ \2* 000- ft * 

-- TMMt.43 

Tul ji \ iwaLLabli* for ye *T fttulfrig Jtuip l¥J< 1S>1i _. Ill, 38&14 

Respectfully submitted. 

A. G* Racoa', 

AtxxAHnm Graham B 

JoitH Dai-zeu^ 

E%eadim Committee. 


Washington, IX CL December 5 t 1911 . 




















































PROCEEDINGS "7 THU BOARD OF REGENTS OF THE SMITH- 
SON [AN INSTITUTION FOR THE YEAR ENDING -JUNE 30, 
Mil. 


At ii meeting of the Board «f liegcnUs held December 14, HW'J, the 
following resolution was adopted: 

Retain,1 That tprenfter U» Pfuml of Regent* of the Sm(tU*mUm butiltt- 
t f u u aij a u it-iM their onmml mwtLnc wo the wornd Thursday hi December and 
A i^ptanentniT media* on Ibe second TUoreOar iu February. 

(u ofeordanee with ibis resolution the board met at 10 o'clock 
a. m., on Decewlwr 8, 1010, and an February 0,1011* 

ANNUAL MEETING. DECEMBER S, 1010. 

Present: The Hon, dames S. Gherman, Vice- President of the 
United Slates; the Hon. John SI. Harlan, presiding Justice of the 
i 'iiited States Supreme Court; Senator S. M. Cullom; Senator Henry 
■l Lodge; Senator A. O. Bacon; Representative John Daizell; 
Representative James It. Mann; Representative William M. Howard} 
Dr. Andrew D. White: the lion. John 11. Henderson; Mr. Charles!'. 
Choate, ir.; and the secretary, Mr. Charles D. Walcott. 

The meeting wu- culled to order by the Vice President. 

DEATH OF THE CHANCKI.T.OK. 

The secretary announced the death of the chancellor of the Smith¬ 
sonian Institution, Melville Weston Fuller, Chief Justice of the 
United States, wliich occurred at Sorrento. Maine, on July 4, 1010. 

Thu intelligence of this .sad event was received at the Institution in 
tl lc absence of tin- secretary, and Mr. Richard Hathbun, the acting 
secretary, .sent a telegram of condolence, both official and personal. in 
.Mrs. Nathaniel Francis, who wan with her father at the time of his 
dentil. Mr. hathbun attended the obsequies at Sorrento us the repre¬ 
sentative of the Institution, and accompanied the funeral parly to 
Chicago, where interment look place on July 8. 

The secretary stated that the advice and suggestions of the chan¬ 
cellor iu relation to matters affecting the Institution that wen* 
brought to his attention hod always been most helpful. He added 
that he hud enjoyed a personal acquaintance with the chancellor that 
had extended over 20 years, and that it was with a deep sense of the 
fid 
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]o^,« Jitishiinnj hy the Institution ns well its by himself personally that 
ho formally tititioiinwil his flentlj In the Board of Regents. 

Senator Bacon then presented the following resolutions, which on 
motion, were adopted: 

Whereas the Sflflrd of ^^13 the Smithsonian icttit lint Ion have recelnd 
the Fad Ittt^IJiRence of the death, on July 4, tSHIfc of Melville Weston Fuller. 
CTilef Justice of the United State*, und for 22 years chancellor of the Institu¬ 
tion; therefore bo It 

JEf-ffOfrctf, That wo rieFlre here to record our profound sorrow at the s^tpr- 
ln£ of the tie UifiE. linn hound us to him for jtft lone n period of honored pcnlw; 
that wo feel keenly the low of a wise presiding officer, whose vast store of 
left in log and gracious dignity have proved so Invaluable In the denheratloDa 
of thin hoard, and whore toy it I Interest in the Smithsonian Institution htu? hren 
0 source of Inspiration to his colleague*, 

ffewlreuf* 'I bat, we share in the rt [ p£ of the nation at the passing away of 
one who was at race a dlsllugulshetl lender of the greatest legal tribunal of our 
Innd, an muEuein jnrlat 1 a patriotic citizen, n shining example of Christian 
Gentleness, and who also possessed m charming a personal! iy as a man and as 
a friend. 

flcsolrfiI. That we reap pc tf oly lender to the members of Ihe family of our 
late assochite our slneerrKt sympathy in tbetr great bereavement- 

RvMltrti' Thnfc an engrrumod copy of these resoEtitloun he transmit led to the 
family of the late chancel tor. 

ELECTION OF CHANCELLOR. 

The chair man an mu meed as the next business in order the elec¬ 
ts™ uf a uhaueellor to succeed the lute Chief Justice Fuller. 

Senator Lodge moved - 

That she Vice President of the United States he elected chancellor of the 
Srni tbhoota n I nat \ tut Ion. 

Senator Lodge put the question, and, there feeing a unanimous 
vote in the affirmative. announced that the Vice President was duly 
elected, 

RESOLUTION RELATIVE TO INCOME AND EXPENDITURE. 

Senator Henderson,, chairman of the executive committee, pre¬ 
sented the following rnMomeirv resolution, which was adopted: 

Re*otvfti 4 That the Income of the Institution for the fiscal year ending June 
I {112, ho apprtinrintprl fur the service of the Institution, to ho expended by 
the secretary, with the advice of the executive emadalttee, with full discretion 
on rlie part of [he secretary as to Items, 

ANNUAL REPORT OF THE EXECUTIVE COMMITTEE. 

Senator Henderson submitted the report of the executive com¬ 
mittee for the fiscal year ending June BO, 1910, stating that the 
members of the board had already been supplied with copies in 
printed form. 

On mot inn the report was adopted. 

3S734“-sm 1011-7 
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annual heport Smithsonian mbtitutiok, inn* 

ANNUAL RETORT of THE PERMANENT OQMMITTE1L 
Senator Henderson pre=enled the following report: 

frj fAe /l-igr-l 0/ Repent m of the Smtthsonfan ImiUvttem: 

OextuemeX: The only mutter of unflnJplinj btisLoees In tbe hands of this 
rejamlitw Is iho Andrews win eaee. A report upon the case wits mafi* to the 
tKMrd ai the ineetlnj; of Fehrnnry 10. 1910, which after dlscusdon was referred 
bnclt to the committee with power lo act. 

As a result of a eery thorough reneldemtloti of the matter. It Is recool* 
mended by the committee that oil proceeding Ju the Andrews will case be 

dropped- _ „ T 

Jons ts. llrxenusoTU OAtiJrofart* 

On motion the report of the permanent committee was adopted. 

ANNUAL RETORT OF THE SECRET ART. 

The secretary stated that his report for the year ending .Tune 30 T 
19lD t had been printed and sent to the members of the board* 

Delay in format open an <7 of the new blinding for the National 
.V wen UK—The secretary said that on account of the nondelivery of 
eas^s it had been impossible to install the exhibition series in time for 
the opening of the building before tlae present Congress adjourned. 
In view of this and of the great desirability of first having the com¬ 
plete exhibition series thoroughly installed and (he entire building in 
condition for critical inspection he had thought it (jest to postpone 
the formal opening until later. In the meantime the collections in 
caw wore so arranged as to be viewed by visitors* 

Addition* to art collections .—The secretary remarked further that 
Mr* Williftm T, Evans had presented 33 more paintings to the col- 
lections illustrating the work of American ariisis, and Lliat he under- 
stood that Mr* Evans contemplated assembling also a collection illus¬ 
trative of wood engraving* an art which, because of the development 
of the various photo-engraving processes, had practically fallen into 
disuse* 

He added that Mr, Charles L. Freer had returned to Chinn for the 
purpose of enlarging his great collection illustrating the early devel¬ 
opment of Chinese art, all of which it was expected would come to 
the Institution* Many of these articles were exceedingly rare and 
very difficult to obtain, and the Institution would be most fortunate 
in securing them. 

Smithsonian African expedition .—-The secretary stated that CoL 
Roosevelt's final account of the expedition would be found in the 
secretary's report to the board. This, however* gave the scientific 
results of the expedition in general terms only* He would state that 
the total amount subscribed for the expedition was $51,700* and that 
the expenditures to date amounted to $48,353.09. leaving n balance of 
$3*340,1)1 , whkh was being held for expenditures necessary to the 
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completion of the final reports on the expedition being prepared by 
the Smithsonian members of the party. 

The secretary added ihat the collections were being permanently 
arranged by the experts of the National Museum. Ti was intended 
to mount certain of the animals in groups, with accessories, so os to 
show their environment and habits. 

On motion the secretary's report was accepted. 

LANGLEY MEMORIAL TABLET. 

Senator Lodge, chairman of the committee on the Langley me¬ 
morial tablet, reported that the desire of the board that this tablet 
should commemorate the work of Mr. Langley in aerial navigation 
hud been carried out in a design representing him r & seated, engaged 
in a profound study of the great problem. The committee had en¬ 
tered into an arrangement with a New York sculptor to design a 
tablet 4 feet fi inches high by 2 feet 5 indies wide, ft had been ex¬ 
pected that the model could lie exhibited at thk meeting, but a letter 
had been received from the artist stating that mi accident to the 
model necessitated the working over of a large portion of it, and 
therefore it could not bo submitted at this ineelinu. 

BIOLOGICAL SURVEY OF THE PANAMA ZONE. 

The secretary stated that the plan for n biological survey of the 
Panama Tonal Zone, under 111© direction of the Smi thsonian Insti¬ 
tution. was described in bis annual report, which had already been 
distributee! to the Itegcnts. 

Since the preparation of the report, a letter had been written to 
the President outlining the plan, and asking if it would meet his 
approval if cooperation were asked of the Isthmian Canal (W 
Jiiispion of the War Department, the Bureau of Fisheries of the De¬ 
partment of Commerce and Labor, and the Biological Survey and 
Bureaus of Entomology and Plant Industry of the Department of 
Agriculture. The President gave his approval and authorized the 
secretary to communicate with the departments mentioned, which was 
done. All have signified their desire to cooperate and have assigned 
exjierts to aid in the work. The estimated cost of the survey which 
would have to be met by the Institution is $11,000. of which $5,750 
has been subscribed. 

For several years American and foreign naturalists have been 
asking that a biological survey of the Canal Zone be undertaken, 
and various attempts have been made to arrange for such a work. 
The only plan that had materialized was one by the Field Museum 
of Natural History, Chicago, for the collection and study of the fishes 
of the Canal Zone. By agreement, this work will now be carried on 
in conjunction with that of the Smithsonian Expedition. 
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In answer to Senator Bacon's inquiry as to the scope of the work 
intended, the secretary said it was to cover studies of the animal 
and plant life of the land and waters of the Canal Zone. Such a 
survey is necessary liefore the canal is completed, as it is believed 
that conditions will be changed after the canal is opened to commerce 
and the waters of the Atlantic Ocean are joined with those of the 
Pacific. The organisms of the various watersheds would then bo 
offered a ready means of mingling together, the natural barriers 
would be obliterated, and the data for a true understanding of the 
fauna and flora placed beyond reach. 

THE HAHRIMAN TRUST AND GIFT. 

The secretary stated that he was desirous of establishing at the 
Institution a number of research assoc late ships. He wished to give 
exceptionally strong men an opportunity to do research work with¬ 
out the care and burden of administrative duties, [met with full 
knowledge that as long as their work was properly conducted it 
would be continued and Chat in the event of incapacity for active 
work, provision would be made for them. 

As an illustration, he cited the ease of Dr. C- Hart Merriam, who 
has been provided for through the liberality of Mrs. Edward II. 
Ilarrimaii. He also mentioned that the Carnegie Institution of 
Washington has a number of men engaged in special fields of work, 
hut added that there would be no probability of duplication of work. 
The Carnegie Institution do^ not undertake exploratory work such 
as that of the African exjjediiloii or the biological survey nf the 
Panama Canal Zone. The field for scientific investigation is exten¬ 
sive and there are numerous worthy projects that can not I* under¬ 
taken because of kck of means. 

In this connection the secretary announced that Dr, Jlcrriurn's 
splendid collection of American mammals had been purchased by 
Mrs. Harriman for SlfJ.OOo and prerented to Lhe Institution. 

HODGKINS GOLD MEDAL 

The secretary called the attention of the board tn the establishment 
50 T 110 years ago of a gold medal under the name of “The Hodgkins 
Medal of the Smithsonian Institution," Tbb w r as in honor of Mr. 
Thomas George Hodgkins, the donor of the Hodgkins fund, and was 
to be awarded for exceptional contributions to our knowledge of 
the nature and properties .if atmospheric :iir, or f.sr original and 
practical applications of existing knowledge of the air to the welfare 
of mankind. 

The first Hodgkins medal was awarded in 18flS to Prof. James 
Dewar for his researches on the liquefaction and solidification of 
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atmospheric air and for his discovery of the extraordinary magnetic 
properties of (Squid oxygen. The second award of the medal was 
to Prof. X J. Thomson in 1903 for his investigation on the conduc¬ 
tivity of gtt.se 1 .', especially on the pise* Mint compos atmospheric air. 

It is now proposed to award a third Hodgkins medal, provided it 
is determined that sufficiently meritorious discoveries or investiga¬ 
tions of the character mentioned have been made, and in order to 
pass upon the matter an advisory committee on award has been 
appointed. 

PUBLICATION FUND FOR THE INSTITUTION, 

The secretary stated that under the general appropriation for 
public printing and binding, Urn Institution is allotted $JO s 00fl fur the 
printing of its annual report*, but that its other publications were 
paid for from private fuiuls of the Institution* 

He exhibited a set of the publications issued by the Institution 
and its branches during the past two years, many of which had been 
published at the cost of the Institution* 

Mr* Mann inquired if the secretary would like to have a larger 
edition of the annual report, to whirl* the secretary replied that it 
would be desirable. Mr, Mann responded that this might be pu^ible . 
by a special resolution for any one year. 

There was some further discussion, during which it was suggested 
Unit It would be proper for the secretary to sjjeak of the matter of 
an appropriation for the publications of Smithsonian works when 
he was 1m? fore the Committee on Appropriation*, 

DEATH OF OCTAVE CFIAXUTE. 

The -secretary recalled to the board that when the committee on 
award of the Langley medal was appointed, Mr. Octave Chumite 
was designated its chairman. Mr. Chanute died on November 23 
last TTis eminence us an engineer and his own important work in 
die stibnne of aeronautics peculiarly fitted him for the duties of 
chairman of this committee, and his death will t*e u severe blow' to the 
new science. 

The secretary added that it seemed best to defer the selection of hi* 
Successor as chairman of the commit tec for the present. 

FULLER MEMORIAL SERVICE. 

Senator Cullom said that be thought some more formal action 
should be taken In regard to the death of Chief Justice Fuller than 
had been adopted at this meeting, and inquired whether the mutter 
was being considered. 
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The secretary replied that iL bad been his intention to requesL 
certain members of the board to prepare sketches of Chief Justice 
Fuller's life, which might later be printed in the annual report. 

Senator Oil him added that lie would like very much to have on 
address delivered before the Regents by Justice 1 lurlau, who above 
nil others was the most competent to prepare it. 

After further discussion. Senator CuUotn moved— 

Tiiut .Hr. Justice lliirEnn be reunestcj io deliver, under the auspices of tin; 
or Itccealrt, and at such time an will best suit IiEo ccuvraleare. mi ndilresa 
ajMin the life ;md work of the late Clilsf Justice Melville \V. Fallor, 

The motion was carried, and Justice Harlan salt! that ho would 
be glad to deliver the address and that he would confer with the 
secret ary on (he subject. 


.UMOIJRXMEN'T. 

There being no further business ro come before the board, on mo 
tiou tV meeting adjourned and ilia Regents inspected the exhibit of 
skins and mounted specimens from the African expedition collection, 

KEGULAH MEETING, FEEKUAEY 0, mil. ’ 

Present; The Hon. James S- Sherman, Vice President of the 
United ,Stales (chancellor), in the chair; the Hon. Edward Douglass 
White, Chief Justice of the United States; Senator R, M, Cnlium 
Senator A. O. Bacon, Representative John Dulrell. Representative 
James K. Mann, Dr. James B. Angel I. the Hon, John B. Henderson 
the Hon- George Gray, and the secretary, Mr. Charles D, Walcott ’ 

OBDfcit of Brsrxuas, 


In accordance with the previously adopted order of business the 
following nualei. were next reported on by the secretary-: 

Appomt'L'nt uj Htgrni*.— Section 5580 of the Revbed Statutes 
provides that the Chief Justice of the United States 4m\[ U ft 
Regent of the .Smithsonian Institution. The vacanev in tin office ,,f 
Chief Justice caused by the death of Chief Justin'Fuller has been 
fiMed by the appointment by the President of .Mr. Justice Edward 
Douglass White, who therefore, under the operation of the section 
named, becomes a Regent cat officio. 


TJr. Janies RAngell lore been reappointed for a term of she years 
by joint resolution of Congress J 

up */ ' Andrew, will case.-At the annual meeting held 
December 8. 1810, the board adopted a recommendation of the oer- 
iminent committee tliat all further proceedings in (he Andrews will 
nree 1* dropped. Tile instruction* of the board have been complied 
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Fuller memorial meeting*— It having appeared to be the wish of 
the bow'll sit its annual meeting <m December 3 lust that a formal 
meeting in memory of the lute Chief Justice Fuller should be lie Id 
by the Regents, a resolution was then adopted inviting Justice liar- 
l:tn to deliver such an address on a suitable occasion, the time of 
wlilrh was tn be left entirely to his convenience, The secretin v re¬ 
grets to report that Justice Harlan has written him to say that he 
iinds himself unable in the near future to comply with the wishes 
of the board. 

After discussionj in which it was suggested that the proposed trib¬ 
ute to the lute chancellor take the form yf a memorial to be published 
in the annual report, the following resolution was adopted : 

Itafriruf* Timt the secretary be requested to prepare n mtUnWe nromoHjil of 
tit* lift; : 1 1 i 1 1 work of i he Juii- L'liltf Justice MtlyMc Weston Puller r eimuwelmr 
c^r ifae S[iihlir-,jj L |jj ti HuvtituEton fnim 1888 to lino. ™\ih h iuemurlH .1 Irt l^reby ai¬ 
rland approved for ibcltlrion In tine next annual re^rt of thi- Board of 

Langley memorial tablet — A t the last meeting of the board it wus 
reported that the Langley memorial tablet had met with an acci¬ 
dent and would have to bo remodeled. This work of repair has In^n 
going on, but no photograph showing the present condition of the 
tablet bug ln.m submitted by the sculptor. 

Hodgkins gold medal of the I — 1 The committee up- 
pointed by the secretary to consider whether sufficiently important 
investigations into the phenomena of atmospheric air in relation to 
iln- welfare of mankind hud been made to merit the award of the 
third Hodgkins gold medal have reported their findings with a 
recommendation, which report is now being considered. 

Biological xurvey of the Panama Canal Zone .— The secretary 
stated that the board would recall that at the lute animal meeting 
he hud spoken of the organization of u biologic^] survey of the 
Punainm Canal Zone to Include studies of the life of Sin- hind and 
waters u£ that region, and hail explained the necessity for immediate 
action, as the opening of the canal would mingle the waters of the 
Atlantic and Pacific Oceans, which might permanently destroy the 
possibility of u true understanding of the fauna and flora now 
existing there* 

Since that meeting a parly of naturalists designated to carry cm 
the work has readied the zone* and the collections resulting from 
their wflrfc are already arriving. Those engaged m the survey are 
the following: 

Prof* S, E- Meek, of the Field Museum of Natural History; Prof* 
Henry Pittier T of the United Stated Bureau of Plant Industry: Sir* 
E, A* (kddinan, of the United States Biological Survey; Mr. S h F + 
Hi I deb rand t of the United States Bureau of Fisheries; Mr. E. A. 
Schwarz and Mr. August Busck, of the United States Bureau of 
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Entnmnlogy; mid Mr- William It. Mnxoai, of the United States 
National Museum. 

Much interest is being manifested in this, survey both here and in 
(lie none. Tint Republic of Panama is so impressed with the im¬ 
portance of the work that it has invited the Institution to extend 
Lite survey into that country. 

The Institution is indebted to the Departments of State. Agricul¬ 
ture, Commerce and Labor, the War Department, and the Panama 
Railroad & Steamship Co. for courtesies which have insured the 
success of the enterprise. 

As previously stated, a very cons ii lore We part of the funds neces¬ 
sary for the survey has been received by subscription. 

Appointment of tt» additintud u#*ixta&t strn ftiiy. —The secretary 
coiled attention to the large iumttsa in the work of the Imslitntiuu 
and its branches, brought about by the natural growth of their 

activhies and the additit.. new interests, and ,-tuled Mint there was 

need for the appointment of an additional assistant secretary. 

Ih- desired the permission of the board to appoint to that twrition 
before the close of the present fiscal year Dr, Frederick William 
True, who entered the service of the frestitution in ISIS, who was 
a zoologist of established reputation, and who was now head curator 
of the Department of Biology in the United States National Museum. 
After discussion, the following resolution was adopted: 

That .. nppolnltaeat by Ule se-relnry of Ilr. Frvdoriek 

WllEniu Tru* a* iimta&mt secretary of the Smltbwmlan tmrtitaitoa b-a K irmo,|- 

Request of George TF. Poor?.— Tlie sccreiurv announced that since 
tile annual meeting notice had i™ received that the Institution had 
lam made the residual legatee of the late George W. Pn„n-, of 
IajwcII, Mass., who left an estate estimated to !* $4t>,000, under the 
condition that the income from this sum should Ik- adtfel to the prin- 
cjpal until a total <*$230*00 should have been reached, and that then 
the income only was to lx- used for the purposes for which the Insti- 
thUon was created. Tim portions of the will relating to the beoue-1 
are as follows; 


Itcm. Tin- l.tjjc and Huuiii photograph* tuyself I desire given to the 
SuilihPi.iitim intitule ta-rclnoftor i^nikmed : to U- K lren :l j.iare in tlit-ir Jasti- 
lut-- where they mar hr st-n. ns one of tin- coimMUcub of the K if t to m.-in 
Ija-rt-1 11 nuife bjr mu. 

fniH S. All tin- rest, residue, ami ream loiter nf my estate, real, personal flnHl 
niii-il. „r wtinlrrer Home or natvre and wherever found nr ainmtc of which 
I stall die atm iuowmL or «itltl«L whether nt law «r In equity I tf |, v 
d.-« U-, Itiui t^mreth in tut SnUtbsntdM tojtltqte, at Washington l> < b ut In 
tni* aererthele^ » m l «,*,n the rendition. In addition to the- condition flH to 
idaitofTaphn or myretf M above, that the fund realised fr nnl my estate and 
frem turning the reel „«.) renonat csti.tr into money stall fo held tor. 
ci-r by *uM Hbnta Institute ms n final to 1*- relied the [,ucy T and 
am ** " P00r,? W - J "”> U P““ condition that the Ln«m« only of sold fund 
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R]mU Ik* (la**] f»r tlw porpora crnJj for wttfdi mid Hiuiduwolfin Tn^Elfulo wu* 
criHLliNt. fidkl Incj T. And Gft>ree IV* Itoure ruiul. to be fcvpt Kejmrate from nil 
utkut iimdB, oql! ibv iticoE»L- from ikv muie not to Lh: uhsI unto tbe pHutfltwl. 
by cKVtiniuTntJon uf tlw income to k.x* added to tbc principal from r, .,■■ tn jcwr, 
Hlmll turn* readied the sum of fwu Uiniilml and fifty fliouamitl JuIbnL i uiuke 
UiIb sift not tiitn-b liooeiuse of Its nnxiurt as Thi-jhir? I bo[K* It will prtirr an 
t L xurii[ik' for oiher Amork-ELiot to fed low, by auji] sorting zunl ^tmninrsiflir w i 
jiikE Ikiifrfkvnt nn fnsttiutloti as I belli e the Smlth^mla]! liuHlurte to i»-, nna 
jet [t iina Iwu inflected and overlooked by AunTknn citizens. 

The Aeenrfaiy snid: “At my mpii^ the InstitutionV iiiten-i^ in 
the mutter an* being looked after by Mr. Choate, of the Board of 
Regents, who has assured me that he will he gfod to art a.-* agent or 
attorney for the Institution wit]unit charge,” 

Tin I mtl *J. Homey t,?jwtfifu'/H to .Ifru’ti .—The secretorv said 
that Mr. Paul J. Rainey, of New York City, recently tailed at the 
Institution and stated that it was his intention to make a hunting 
and collecting trip in Africa, and asked if a man could be sent with 
him to prepare the specimens which he wished to present to tin- 
Institution. The route of travel was to l» north of that of the recent 
Smithsonian expedition, through the conn try lying lietween the 
northern portion of British East Africa and the southern part of 
Abyssinia. Sir, Rainey agreed to bear nil expenses in connection 
with Ihc trip. 

It was thought desirable to accept this offer, us it wns hoped to 
add new material to the present collections; and Mr. Edmund 
Heller, who was one of the field naturalists on the Smithsonian 
expedition, and who was now engaged in working up that collection, 
had been authorized to suspend work upon it temporarily, and de¬ 
tailed to accompany Mr. Rainey. He expected to sail on February 
IS, and to be absent niton t eiglit months. 

Partiall of W a#hhuft<m, —The secretary called attention to a por¬ 
trait of Gen. WadmjgtOn, which was hanging in the room in which 
the board was then meeting. 

This portrait was part of the Lewis collection of Washington 
relics purchased by the Government in 157$ and stored for a time 
at the Latent Office, When the collection was transmitted to the 
National Museum in 1883. the Commissioner of Patents retained 
tliis picture, ami it is only recently I Hut the matter came up, with 
Hie result that the portrait was sent to the Institution by the Seere 
taiy of the Interior. Mr. Ballinger. 

The picture has been attributed to Gilbert Stuart, but a careful 
investigation fulls to reveal anything to substantiate the claim, and 
it k now recorded as having been painted by un unknown artist. 
Ity some it is regarded as a copy of an original painting, Mrs. Lewis 
had said that there wns a tradition In the family that this wan con¬ 
sidered the 1»est likeness of Washington ever paintiii. 
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American Indian memorial and museum buildiny .— tt wus siuled 
by die secretary that a request to Congress to erect in Washington 
tin American Indian memorial anil museum building, under the con¬ 
trol of the Secret a it of ibe Interior, had been embodied in two iden¬ 
tical bills designated as follows: House joint resolution ii74 urul Sen¬ 
ate bill &S30. 

Thus subject L* one which, by direction of Congress, 1ms long l, een 
fostered by the Smithsonian Institution through the National 
Museum and the Bureau of American Ethnology, nil material objects 
being deposited in the former, and nil records of investigations in 
the latter. The Museum collection is the richest in the world us 
regards 1 tic Indians of North America, to which the proposed new 
building is imended to lie devoted. In extent and variety the col¬ 
lections of the National Museum are not what they might mu I should 
be, but this is due to the fact ibut appropriations sufficient to perfect 
these collections have never been obtainable. 

The founding of a new museum, especially under the proposed 
auspices, could only result in the partial duplication of objects and 
records and in an increase in the cost of bringing together a pro|»r 
representation of the North American Indians. Should Congress 
take any action io this matter, it would seem desirable that it. be 
directed toward giving increased funds for (ho use of the Institution 
and Museum. If the movement is one tending to bring individual 
help from different parts of the country, such cooperation could best 
be turned toward increasing the present collections, which are already 
extensive and important. 

Commercial vuts* uni,—' The subject of establishing at the National 
(.'uphill a trade or commercial museum to bo maintained at the ex- 
Jjeui*) of the Government has been recently agitated in connection 
w ith the Board of Trade of Washington. While no bill in support 
of such a measure has been submitted to Congress as yet, it is appar¬ 
ently tile, intention to request congressional action in connection with 
any celebration which may be held here in commemoration of the 
completion of the Panama (..'anal, 

While such a museum would follow lines in large part not included 
in the plan of the National Museum, yet in some respects the tendency 
would be to dupli cute its collections. 

It would, furthermore, appear to those who have given the matter 
consideration that Washington is not the proper place for the loca¬ 
tion of a museum of this kind. It should be osublidied an d con- 
dueled in a large commercial center like New York City, 

Prehistoric ruins .—The secretary exhibited a number of photo¬ 
graphs showing the excavations among prehistoric cliff dwellings 
and pueblo ruins in New Mexico resulting from the joint work of 
the Bureau of American Ethnology and the Archeological Institute 
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of ,Wiertca, In one canyon in which llieae excavations were con¬ 
ducted the cliff dwellings extern] along the wall of the canyon for 
about 2 luilrs. while in another locality in the -ame "inera] region 
one of the many pueblo mins covers an area of about 15CN> feet square. 
Other photographs were presented showing the excavation and re¬ 
pair of die celebrated Balcony House in southern Colorado, conducted 
under the joint auspices nf the Smithsonian Institution and the Colo¬ 
rado Cliff Dwellers Association, Excavations were made also in 
newly discovered cliff dwelling* and other archeological remains in 
northwestern Arizona, 

Field work has been conducted by the Bureau of American Eth¬ 
nology among the tribes which composed the Creek Confederacy of 
the Southern States; the Tewa Indiana of the Rio Grande Valley * 
New Mexico; the Winnebago Indians of Wisconsin and Nebraska; 
the Piegnn. Blackfeet* Cheyenne* and Menominee Indians of the 
Algonqnian family; the Chippewa Indians, especially with reference 
to their music; the Osage Indians, now in Oklahoma, and the Iro¬ 
quois in New York, A study of (he past and present population of 
the Indians, with the various causes of their decrease, is being con¬ 
ducted* and a bibliography of the Hawaiian Islands is in prepa¬ 
ration. 

itemffnation of Senator ILndermn *—Senator Henderson stated 
that lie had served ihe Institution us u Regent fur It) years, but that 
be hid now reluctantly coma to the conclusion that it was neces¬ 
sary to relieve himself of all possible work, us I he condition of his 
health would nut penuil him to continue his duties with satisfaction 
to himself and justice to the Institution. He therefore desired to 
tender Ills resignation as a Regent to take effect at such time as would 
best suit the boards convenient. 

After discussion, the Senator first submitted his resigntillon as u 
member of the executive committee to take effect at once, and on 
motion it was carried— 

Thai 1 -Ijh- resi^iiiiiJyti af Che Hon. John B. iremlersaotj!. chairman of the execu* 
live ionansLtlee. ni n member of that oomiulr Lt*\ Ij- l accented with regret 

The Senator then presented his resignation a Regent to take 
effect March l f BUI. 

Judge Gray offered the following resolution, which was unani¬ 
mously adopted: 

Whereat* the beard of Re^enta of she BlRltbWHlTmi Inst]tutlou having learned 
that tlit- Hoil John B. Heuite^ii bn* tendered tils re^giiatEuii n* a a 

I Haitian l*e liBH filled wEtb kIriieiI ability for IB years; 

RtiotvctI f That the Regents deal re here to t^qiress to him thotr hi^h apprecia¬ 
tion i.jf bis wr vines as a member of the board, their sincere regret ut tin? Eerm3- 
natlihu of lib* ufHelal coimeetlua with the Institution, and ibelr cordial ^ 
wishes far Lia future health ami happiness. 
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Mr. Muibn iht»n ntfr-rvtj ihe fallowing notation, which w»s adopted: 

Itevilredn That thc + m^lnt^oa in rHsuiijn lo tb r^lmmtlojj i>f tlu fc H°T1 John 
ft. IlmdtTOHi tin u E^mt Hhf the KinllliHunhiu Iiisttlrm U*u Ih? ami 

transmitted to him. 

The chancellor stated that the secretary would communicate to Con¬ 
gress the announcement of Senator Henderson's resign at ion. 

E±ecuthf€ committee njmnctj filled .—The matter of the vacancy in 
the membership of the executive committee was brought up, and 
Senator Bacon was nominated for the position. After di^u^Son f 
the following resolution was adopted: 

H* noOvif r That tbe vacancy la the UM-mbenditp of the ?xpcittjve committee, 
tTHUtei hj the iwilenatlon of the Hon, John it. ilendcn»n t lie filled by the 
cT-ecIteu of the Hot*. A, 0 + Ba*Otb 

.Vodeh of patents. —Mr, Mann said that there were ponding in 
Congress bills providing for the d in true* ion uf the old hum lcl* that 
liLtd been on deposit in the Patent Office for many years, and ticked 
if the Smithsonian Institution could make any ibe of Lhein, 

The secretary explained Unit this matter had been brought to the 
Institiition-s attention two or three years since, and that about 
l£,0ifc) of the models hud been selected for Hie uso of the industrial 
exhibit in the Museum* Those left were not suited to museum pur¬ 
poses, 

Adjmmirma /.—There being no further business to be transacted 
on motion the board adjourned. 
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ADVERTISEMENT 


The object of the Genekal Atpendix to the Annual Report of the 
Smithsonian Institution is to furnish brief accounts of scientific dis¬ 
covery in particular directions; reports of investigations made by 
collaborators of the Institution; wad memoirs of a general character 
or on special topics that are of interest or value to the numerous 
conrrapon duals «>f tlip Institution. 

It has been a prominent object of the Bond of Regents of the 
Smithsonian Institution, from a very early dale, to enrich the annual 
report required of them by law with memoirs illustrating the more 
remarkable and important developments in physical and h inline id 
discovery, as well as showing the general character of the operations 
of tho Institution; and this purpose has, during the greater part of 
ita history, been carried out largely by the publication of such papers 
os would possess an interest to all attracted by scientific progress 

In I8S0 tho secretary, induced in part by the discontinuance of m, 
annual summon’ of progress which for 30 yearn previous had been 
issued by well-known private publishing firms, had prepared by com¬ 
petent collaborators a series of abstracts, showing concisely (he prom¬ 
inent features of recent scientific progress in astronomy, geolcm 
meteorology, physics, chemistry, mineralogy’, botnnv, zoology and 
anthropology. This latter plan was continued, though not altogether 
satis tat Drily, down to and including tho j^r 1S8S 

In tho report for 1889 a return was made to the earlier method of 
printing a miscellaneous selection of papas (soma of them original! 
embracing a considerable range of scientific investigation and dis 
cussion. This method has been continued in tho present report for 
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THE GVROSTATIC COMPASS. 1 

[With a pi*tw ] 


By H. HjUgCkaxd. 


Tlio gfrost&tto compass may b# looked upon ils ono of (ho most 
interesting inventions made during recent ypots. 

The gyroscope is familiar to nil. Nor are wn ignorant Uv-tlav of 
the fundamental laws which govern it. The great physicist Fou¬ 
cault first completely formulated them as the result of his profound 
researches on the subject. 

The first of three laws is that a gyroscope with perfect freedom of 
movement—that Is, the power to mo ve in any direction, and free front 
the action of gravity—will tend to maintain the initial position given 
to it. The second law is that if a gyroscope has only two degrees of 
freedom,in such a way that it, can undergo displacement In two planes 
only, it must, if subject to the net ion of gravity, and provided that it 
U not at the poles of the earth, tend to place iUtelf so that its axis is 
parallel to that of tlia earth and accordingly will indicate the direc¬ 
tion of true north, 

A system of this kind is free from the errors which affect the mag¬ 
netic compass, and therefore the idea of taking advantage of it for 
navigation must have early attracted the attention of investigators, 
especially as the general uso of steel in the construction of vessels 
entails grave difficulties in the use of magnetic instruments. 

Formerly the means at. hand were insufficient for constructing a 
satisfactory, practical instrument, and KO, during the time of Foucault, 
and even much later, the numerous scientists who approached lire 
problem did not meet with much success, 

A German investigator. Dr. AnsrhQtz, has recently succeeded in 
constructing an instrument on gyros tut ic principles which is prac¬ 
tical, In 1000 he commenced the study of a gyroscope with, perfect 
freedom of movement. Later, however, in 1906, ho abandoned that 
for one having only two degrees of freedom. 

Even with the latter conditions the problem required great nicety. 
A grave difficulty comes from the fact that such a device is affected, 
under ordinary circumstances, not only By the rotation of the earth 
hut also by all the forres to w'bich it is subjected because of the rolling 

1 TittufitaJ by p&MKUlEjy, Jmra C«bw, Piris* Sww frrfcs So. im, Auf. li, Mu, pp. HI-1*4, 
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of the ship. Thorcforo, in order to got a good mult, it was necessary 
for the compass to have a very great gyrostaiic restslance, so termed, 
opposing etmrgetin*Ily any force tending to change the direction of its 
axis of rotation, and that the friction of its bearings should be made 
ae small ns possible, A consequence of the latter condition, however, 
would be that the gyrostat would come to its normal position only 
after a relatively long time, oscillating to and fro about that normal 
position. Meanwhile it would be subject to new perturbations. 

Accordingly one great desideratum was to provide some device for 
lessening these oscillations; at lirst, Anschutz tried for this purpose 
a secund gyrostat; later lie developed a much more simple and effi¬ 
cient method. Ills gyrostatie compass was triad on the steamer 
Ihutschlnuff in 1908 and has since been used in the German Navy* 

I! has just been adopted by the English Navy, and other navies are 
also trying it. 

Let us consider its principles: We know that a gyroscope once 
started lends to maintain its axis in an invariable direction, and 
thill if any force is applied tending to change this direction, proces¬ 
sional movement lukt^ place, which displaces the axis perpendicular 
to tho direction of the disturbing force. Such being the case, let us 
imagine a gyroscope, inclosed in an appropriate box, suspended from 
a float which rests in a liquid bath in such a manner that the gyro¬ 
scope b perfectly free to .swing in any direction like a pendulum 
which is at n^t; ihc center of gravity of the system is below the 
metnreutcr; the gyroscope is mounted at the lowest point possible. 
Because of its weight the axis of thu gyroscope tends to maintain 
iSself, el-h wefl as the whole ft It ached mechanism, in a horizontal 
position, 

IftH us set tlie gyroscope disk rotating. In the past such rotation 
u( ml* 1 be offer t od only by rough an t E very u ns at isfac tor y men ns; no w 
we have a much mare advantageous method at our dUpoHal* Wo 
may, for instance, drive it by a little three-phase motor fed by means of 
fine conducting wires so that the rotation may bo kept up mdeflnitelv. 

As soon m the gyroscope disk is in rapid rotation with its axis hori¬ 
zontal, then if this axis is not in the plane of the terrestrial meridian r 
the rotation of dm earth wUI lend to niter the axis from its original 
position. The gyiraco pa tends to respond, but, res trie ted by its 
weight, which forces the axis to remain horizontal, it will undergo 
only a horizontal displacement* 

This loads it to take a north and south direction, because as long as 
its axis is not parallel to that of tho earth„ the cause of this movement 
is still effective, so that if it is sufficiently free to move, it will indicate 
true north* 

Hate l shows a model designed to show experimentally this action. 
It consists of a small gyroscope, driven by & small three-phase dec- 
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trie motor, anti entirely free to turn in, any direction were It not for 
two small springs, wliich sene to represent the attraction duo to 
gravity and tend to keep the gyroscope's axis tangent to the surface 
of the sphere upon which it >s mounted. This apparatus may be 
slipped along a huge movable metallic circle representing a meridian 
When tho springs are detached the axis of the gyroscope tends to 
take an invariable direction and to depart from it ody because of tho 
inevitable friction which is present at the pivots* 

However, once these springs are attached, If the meridian circle 
is moved to another place on the globe, then the axis will change so as 
to comp into the plane of the circle.one of its extremities being directed 
toward the upper pole of the circle. According to the direction of 
the gyroscope and that 
of the circle, one or the 
other end of the ftxis 
moves so is to point to 
this upper poliu 
In the AugchQtz 
compass, of which fig¬ 
ure! is & sectional and 
pkte 2 ft perspective 
view, the gyrostat is 

similarly driven by a 
three-phase electric 
motor; the float from 
which the gyroscope is 
suspended is a hollow 
bowl of steel partially 
immersed in a mer¬ 
cury bath contained in 
an annular box* also of 
steel* To the top of 
tills float k fixed the 

compass card. The north-south line of tho card coincides exactly 
with the direction of the axis of the gyrostat. 

.mall motor which rotates the gyrostat disk is so constructed 
tis stationary part is built on the box of the gyrostat. The 
electrical connections to the exterior are made for two of the circuits 
through small cups of mercury. The third circuit passes through the 
mercury bath containing the float and then through the case itself. 
Tho rotor is rigidly built on the gyrostat disk. It is of one piece, 
spindle and oil, and made of nickel steel. It is provided with ball 
bearings of extra-hard steel and makes 20,000 revolutions per min¬ 
ute. The axle is of the Laval type or "flexible axle.” Ita great 
3 R 734 °—a* im -S 
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velocity of rotation frees it from any danger of deformation due to 
shocks. 

A small level is attached to the compass card to assure that the 
instrument is horizontal. The whole system is mounted on gvrobals 
and attached to the binnacle with springs after the usual manner with 
marine magnetic compasses. 

The damping of the oscillations of live compass is effected in a very 
ingenious manner. Near the center and on both sides of the gyrostat 
box arc bored small holes. A third hole is bored in the surrounding 
cose. The rotation of the gyrostat produces a current of air within 
and a pressure toward the exterior. 

The jet of air at its exit is cut by a small blade attached to a 
pendulum. When tho compass is exactly horizontal, the jet is divided 
equally on both sides of tho blade. If it is not horizontal, the pen¬ 
dulum displaces the blade with reference to the aperture; then tho 
divided portions of tho jet of air ore no longer equal and a damping 
couplo is produced* 

As with other compasses, this, too, is subject to disturbing influences. 
But a great advantage of the gyrostatic compasses lies in the fact 
that in all cases tlio causes of the disturbances are independent of the 
special instrument and may be corrected by specially prepared tables! 

Another important property is that the directing force can bo marie 
much greater than is possible with the magnetic needle. Generally 
it is five times that of an ordinary well*constructed magnetic compass. 
Further, since the axis remains both in the meridional and in the 
horizontal planes, the diid can oscillate only slight I v about the north 
ami south direction. This renders it easy to fix 'contact points at 
the extremities of tho east and west line for tho electrical transmission 
elsewhere of the indications of the compass. 

A gyrostalic compass equipment consists of a master compass 
provided with a transmitter, and secondary compasses connected 
electrically with tho master. The master compass, together with 
the transmitter, is placed in a convenient, well-protected place, and 
the secondary ones placed wherever they are needed; or two master 
compasses may ho used with two systems of secondary ones. 

The master compass, with its transmitter, of which a photograph 
is shown in plate 3, figure 1, differs from tho other* in that the binnacle 
is moved by a reversible electric motor controlled by contacts iindn 
the gyrostat itself, so that it turns rapidly when necessary and follows 
at fill limes the motions of the axis of the gyrostat* 

It is this moving binnacle which sends the currents controlling the 
secondary compos** ami keeps them in synchronism with the master 
compass. Tim latter comes on its axis the necessary commutator. 

Special secondary compasses are employed, os shown in the illus- 
trotion (pi. 3, fig. 2). ft may be noted that it hog at ite center a 
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second limb, which makes on* complete rotation for each 10 degrees 
of deviation and thus renders visible very small deviations. The 
current for the motors of the gyrostat and of the transmitter is fur¬ 
nished at 120 volts, 333 periods per second by a l&-poJe motor 
generator working on an oHimuy direct-current lighting circuit. It 
runs at a speed of 2,500 turns per minute. The motor of the gyrostat 
is bipolar. An Anschutz compass uses normally TOO watte. Beside* 
the apparatus already described, there Is furnished a short description, 
with the necessary directions for starling the compass and regulating 
it. Ammo tors are placed in each of the three'circuits, and a voltmeter 
may be connected between any two of them. For each wire there is 
a pair of fuses so contrived that, by means of a quick-working switch, 
if one of the fuses fails the other may be quickly inserted. 
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K APIOTELEGR APHY. 1 
[With 1 platij.] • 


By Coiomfbuoiui G. Makon*. LL.D., D.Se. 


The practical application of electric waves to tlic purposes of wire¬ 
less telegraphic transmission over long distances has continued to 
extend to a remarkable degree during the last few years, and many of 
the difficulties, which at the outset appeared almost insurmountable, 
have been gradually overcome, chiefly through the improved knowl¬ 
edge which we have obtained in regard to the subject generally and 
to the principles involved. 

The experiments which I have been fortunate enough to be able 
to carry out, on a much larger scale than can he done in ordinary 
laboratories, have made possible the investigation of phenomena often 
novel and certainly unexpected. 

Although we have—or believe we have—all the data necessary for 
the satisfactory production and reception of electric waves, wt* are yet 
far from possessing any very exact knowledge concerning the con¬ 
ditions governing the transmission of these waves through space, 
especially over what may be termed long distances. Although it is 
now perfectly easy to design, construct, and operate stations capable of 
sntisfactoiy commercial working over distances up to 2,500 miles, no 
really clear explanation has yet been given of many absolutely authen¬ 
ticated facts concerning those waves. Some of these hitherto 
apparent anomalies I shall mention briefly in passing. 

Whv is it that when using short waves the distances covered at 
(tight are usually enormously greater than those traversed in the day 
time while when using much longer waves the range of transmission 
by dav and night is about equal and sometimes even greater by day ? 

What explanation has been given of the fact that the night dis¬ 
tances obtainable in a north-soytheriy direction are so much greater 
than those which can be effected in an east-westerly one? 

Why is it that mountains and land generally should greatly obstruct 
the propagation of short waves when sunlight i» present and not dur¬ 
ing the hours of darkness? 


, BonrtnteJ b* pmniuVM) froio Rtubor'i »pui(s ef P rowed ln*3 «( ">■ 1111 J* 1 IiwUtntkan. 
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The general principles ou which practical radiotclcgraphy L-s based 
are now so well known that I need only refer to them in tlie briefest 
possible manner. 

Wireless telegraphy, which was made possible by the fields of 
research thrown open by the work of Faraday, Maxwell, and Hertz, is 
operated by electric waves, which are created by alternating currents 
of very high frequency, induced in suitably placed elevated wires or 
capacity arena. These waves are received or picked up at a distant 
station on other elevated conductors tuned to the period of the waves, 
and the latter are revealed to our senses by means of appropriate 
detectors. 

My original system as used in ISttG consisted of the arrangement 
shown diagrammatic ally in figure 1, where an elevated or vertical wire 

was employed. 
This w ire jjtjiiKv 
limcii terminated 
in a capacity or 
wua contacted to 
eartli through a 

Hpark gap. 

By using an in¬ 
duction coil o r 
other source of 
sufficiently high 

tension electricity 
sparks were made 
to jump across the 
gup; this gave rise 
to oedUaibna of 
high frequency in 
the elevated conductor mid earth, with the result that energy in tho 
form of electric waves was radiated 11 trough spaesj. 

At the receiving station (fig. 2) these waves induced oscillatorv 
currents in a conductor containing a detector, in the form of a coherer 
which was usually placed between the elevated conductor and earth! 

Although this arrangement was extraordinarily efficient in regard 
to the radiation nf electrical energy, it had numerous drawbacks 

The electrical capacity of lhe system was very small, with the 
result that the small amount of energy in the aerial was thrown into 
space in an exceedingly short period of time. In other words the 
energy, instead of giving rise to a train of waves, was all dissipated 
after only a few oscillations, and, consequently, anything approaching 
good tuning between the transmitter and receiver was found !□ be 
uuoblMnahk in practice 
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Mmj mechanical analogies could be quoted which show that in 
order to obtain syniony ihe opera ling energy must be supplied in the 
form of a sufficient number of small oscillations or impulses properly 
timed. Acoustics furnish us with numerous examples of this fact, 
such as the resonance produced by the well-known tuning fork 
experiment. 

Ollier illustrations of this principle may bs given; e, g-, if we have 
to set a heavy pendulum in motion by means of small thrusts or 
impulses r the letter must be timed in the period of the pendulum, as 
otherwise its oscillations would not acquire any appreciable amplitude. 

In 1900 I first adopted the arrangement which is now in general 
use, and which consists (as shown in fig. 3) of the inductive associa¬ 
tion of the elevated radiating wire with a condenser circuit which may 
be used to store up a considerable amount of electrical energy and 
impart it at a slow rate to the radiating 
wire. 

As is now well known, the oscillations in 
a condenser circuit can bo made to persist 
for what is electrically a long period of 
time, and it can be arranged moreover that 
by means of suit able aerials or an ten me 
these mediations are radiated into space 
in the form of a series of waves, which 
through their cumulative effect aro emi¬ 
nently suit a bio for enabling good tuning 
and ayotony to be obtained between the 
transmitter and receiver. 

The circuits, constating of t he condenser 
circuit and the elevated aerial or radiating 
circuit, were more or less closely coupled 
to each other. By adjusting the inductance in the elevated con¬ 
ductor, and by the employment of the right value of capacity or 
inductance required in the condenser circuit* the two circuits were 
brought into electrical resonance, a condition which I first pom ted 
out us being essential in order to obtain efficient radiation und-good 
tuning. 

The receiver (as shown hi fig. 4) also consists of an elevated con¬ 
ductor or aerial connected to earth or capacity through an oscil¬ 
lating transformer. Thu latter also contains the condenser and 
detector, the circuits being made to have approximately the some 
electrical time period as that of the transmitter circuits. 

At the long distance station situated at Clifden, in Ireland, the 
arrangement which bos given the best results is based subst anti ally 
upon my syn tunic system of 1900* to winch have been added numerous 
improvements* 
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An important innovation from a practical point of view was the 
adoption at Clifden and Glace Bay of air condensers, composed of 
insulated metallic: plates suspended in air at ordbaiy pressure. In 
this manner we greatly reduce the loss of energy which would take 
place in conserjuenra of dielectric hysteresis were a glass or solid 
dielectric employed. A very considerable economy in working aUo 
results from the nWnce of dielectric breakages, for, should the 
potential bo so raised ns to even produce a discharge from plate to 
plate across the condenser, this does not permanently affect the value 
of the dielectric, os air is self-healing and one of the few commodities 
which can bo replaced at a nuaiimim of cost. 


Various arrangements have been tried and tested for obtaining 
; continuous or very prolonged trains 

A wavea, but it has been my expe- 

rinnee that, when utilizing the best re* 
ceiversat present available, it is neither 
economical nor efficient to attempt to 
make the waves too continuous. Much 
letter results are obtained when 
pww ri groups of waves (fig. 5 ) are emitted at 

I I I regular intervals in such manner that 

> I_ C—r# S Hw cumulative effect produces a 

^ ^ * 1 oiwr muaical note in the receiver. 

which is tuned not only to the period¬ 
icity of the electric waves transmitted 
hut also to their group frequency. 

In this manner the receiver may bo 
doubly tuned, with the result that a 
far greater selectivity can he obtained 
than by the employment of wave tun- 
irig alone r 

In fact, it is quite easy to pick up simuhancously different messages 
transmitted on the same wave length, but syntonized to different 
£F0up freqiMmdfls. 

A* as ware tuning goes, vei? good results—almost as good es 
ore obtainable by means of continuous oscillations—ca n be achieved 
with groups of waves, the decrement of which is in each group 0 03 
or 0.04, which means that about 30 or 40 useful oscillations are 
radiated before their amplitude has become too small to perceptibly 
ft fleet the receiver. 
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The condenser circuit at Clifdcn has a decrement of from 0.0IS 
to 0.03 for fairly long w&ves. 

This persistency of the oscillations has been obtained by the 
employment, of the system *hown in figure 6, which I first described 
in a patent taken out in September, 1907. This method eliminates 
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aliurat completely the spark gup and its tonsequfmt resistance, which, 
as is well known, L* the principal cause of the damping or decay of 
the waves in the usuid transmitting circuit. 

Hie apparatus shown in figure 6 consists of a met a] disk u ? having 
copper studs firmly fixed at regular intervals in its periphery and 
placed t ranaverydy to its plane- Tins disk is caused to rotate very 
rapidly between two other disks, & 3 by means of a rapidly revolving 
electric motor or steam turbine, Those aide disks are also made io 
sbwlT turn round m a plane ai right augles to that of the middle 
dLk. The connections arc &s illustrated in the figure. The studs 
are of 3Uch length os to just touch tbo side disks in passings and 
thereby bridge 
the gap between 
the latter. 

With the fre¬ 
quency employed 
at Clifden, name¬ 
ly, 45,000, when 
ft potential of 
15,000 volts is 
usikI on lire can- 
denser, the spark 
gap is practically 
closed during the 
Lime in which one 
complete oscilla¬ 
tion only is t aking 
place, when the 
peripheric al 
speed of the disk 

is about GOO feet a 3 UNE& j*wav£ TEAIPI 5 RABtATTT 
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primary circuit can continue oscillating without material loss bv 
resistance in the spark gap. Of course the number of oscillations 
which can take place is governed by the breadth or thickness of the 
side disks, the primary circuit being abruptly opened as soon us the 
studs at inched to the middle disk J pave the aide disks. 

This sudden opening of the primary circuit tends to immediately 
quench any oscillations -which may still persist in the condenser 
circuit; and this fact curries with it a further and not inconsiderable 
advantage, for if the coupling of the condenser circuit to the aerial 
is of a suit jib Io value die energy of the primary will have practically 
all passed to the aerial circuit during the period of time in which the 
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pinuj oambwer circuit k closed by the stud filling the gap between 
the side disks; but after this the opening of the gap at the disks 
prevents the energy returning to the tfondemter circuit from the aerial, 
as would happen were the ordinary spark gap employed. In this 
manner the usual reaction which would take place between the aerial 
and the condenser circuit cun he obviated, with the result that with 
this type of discharger and with a suitable degree of coupling the 
energy k radiated from the aerial in the form of a pure wave, the 
loss from the spark gap resistance being reduced to a minimum 
I am able to show a resonance curve taken at Clifdcn which was 

obtained from the 
oscillations in the 
primary alone (fig + 
5 ). 

An interesting 
feature or the Clil- 
den plant, espe¬ 
cially from a prac¬ 
tical arid engineer¬ 
ing point of view, 
k the regular em¬ 
ployment of high- 
tension direct cur¬ 
rent for charging 
the condenser. 
Von tin non g cur¬ 
rent at a potential 
which k capable 
of being raked to 
2 U,Q00 volts k ob¬ 
tained by means 
of special direct- 
current genera- 
tors; these ma¬ 
chines charge a 
fltora^p hurt Pry consisting of G,nno cells, dl connected in scries, and 
it may be pointed out that tills battety is the largest of its kind in 
existence. The capacity of each cell is ^0 ampere-horn*. When 
employing the cells alone the working voltage is from 11,000 to 12,000 
volts, nnd when both the direct-current generators and the battery 
are used together the potential may be raised to 15,000 volts through 
utilizing the gassing voltage of the storage colls. 

For a considerable portion of the day the storage battery alone is 
employed, with a result that for 10 hours out of the 24 no running 
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machinery need he used for operating tlm station, with the single 
exception of the small motor revolving the disk. 

The potential to winch the condenser la charged reaches 18,000 
volts when that of the buttery or generators is 12,000. This poten- 
tiul is obtained In consequence of the rise of potential at tho con¬ 
denser plates, brought about by the rush of current through the 
choking or inductance coils ut each charge. These coils orO place* 1 
between the battery or generator and the condenser e, figure 6. 

Xo practical difficulty has been encountered either at ('lifilen or 
Glace Bay in regard to the insula Lion and main ten once of these high- 
tension storage batteries. .Satisfactory insulation has been obtained 
by dividing the battery into small sets of cells placed on separate 
stands. These stands are suspended oil insulators attached to girders 
fixed in tho ceiling of the battery room. A system of switches, 
which etui all bo operated electrically and simultaneously, divides tho 
battery into sections, the potential af each seel ion being low enough 
to enable the cells to be handled without inconvenience or risk. 

Tho arrangement of aerial adopted at i’lifden and Glace Bay is 
shown in figure 7. This system, which it based on the result, of tests 
which I first de¬ 
scribed before tho 
Royal Society in 
Juno, IUU8, 1 not 
only makes it pos¬ 
sible to efficiently 
radiate and receive 
waves of any desired length, but it also tends to confine tho main 
portion of the radiation to any desired direction. The limitation of 
transmission to one direction is not very sharply defined, but 
nevertheless the results obtained ore exceedingly useful for practical 
working. 

in a similar manner, by means of these horizontal wires, it Is 
possible to define the bearing or direction of a sending station, and 
also limit the receptivity of tho receiver to waves arriving ftimi a 
given direction. 

The commercial working of radiotelegniphy and the widespread 
application of the system on shore and afloat in nearly all parts of 
the world has greatly facilitated the marshaling of facts and the 
observation of effects. Many of these, as I have already stated, still 
await a satisfactory explanation. 

A curious result which I first noticed over nine years ago in long¬ 
distance tests curried out on the steamship Philaddphul, and which 
still remains an important feature in lung-distance space telegraphy, 

1 ** On mtUmiiH wbrnfr^y ih> radutua uf electric may \m «iaiitiy iudtflaed, utzj* i^y, 

Sw., A.^raivT 413. 
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is the detrimental effect produced by daylight on the propagation of 
electric waves over great distances. 

The generally accepted hypothesis of the cause of this absorption 
of electric waves in sunlight is founded on the belief that the flbai>r|j- 
tion is due to the ionistation of the gaseous molecules of the air 
affected by the ultra violet light, and as the ultra violet rays width 
emanate from the sun are largely absorbed in the upper atmosphere 
of the earth, it is probable that that portion of the earth's atmosphere 
which is facing the sun will contain more ions or electrons than that 
which Ls in darkness, and therefore, as Sir J. J. Thomson has shown, 1 
this illuminated or ionized air will absorb some of the energy of the 
electric waves. 

rhe wave length of the oscillations employed has much to do 
with this interesting phenomenon, long waves being subject to the 
- effecL of daylight to s very much lesser degree than are short waves. 

Although certain physicists thought some yearn ago that the day¬ 
light effect should he more marked on long waves than on short, the 
reverse has been my experience; indeed, in some transatlantic experi¬ 
ments, in which waves about 8,000 meters long were used, dm energy 
received by day at the distant receiving station was usually greater 
than that obtained at night* T J 

Recent observation, however, reveals the interesting fact that the 
effects vary greatly with the direction in which trails mission is taking 
place, the results obtained when transmitting in a northerly and aotrth- 
eriy direction being often altogether different from those observed 
in the easterly and westerly one. 

Research in regard to the changes in the strength of the received 
radiations which are employed for telegraphy across the Atlantic hsa 
been recently greatly facilitated by the use of sensitive galvanom¬ 
eters, by means of which the strength of the received signals can bo 
measured with a fair degree of accuracy. 

In regard to moderate power stations such as are employed on shins 
and winch, in compliance with the international convention, use wave 
lengths of 300 and 600 meters, the distance over which communicit- 
Lion can he effected during daytime is generally about the same, 
whatever the hearing of the ships to each other nr to the land stations 
—wliilst at night interesting and apparently curious results are 
obtained, Ship over 1,000 miles away, off the south of Spain or 
round the const of Italy, can almost always communicate during the 
hours of darkness with the post-office stations situated on the coasts 
of England and Ireland, whilst the same ships, when at a similar 
distance on the Atlantic to tho west ward of these islands and on the 
usual track between England and America, can hanllv ever commum- 
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Cftto with ihftfto shoro unions by means uf specially powtirful 

instruments. 

It- is also to be noticed that in order to resell ships in the Mediter- 
raneaii tbe electric waves have to pass over a large portion of Europe 
and, in many cases, over the Alps. Such long stretches of land, 
especially when including very high mountains, constitute, as is well 
known, an insurmountable barrier to the propagation of short waves 
during the day I into. Although no such obstacles Mo between the 
English anti Irish stations and ships hi the Xorth Atlantic on route 
for Xorth America, a night transmission of 1,000 miles is there of 
exceptionally rare occurrence. The same etTeelu generally arc notice¬ 
able when ships ore communicating with stations situated on the 
Atlantic coast of America. 

Although high power stations art? now used for communicating 
across the Atlantic Ocean, ami messages can be sent by day as well 
as by night, tbore still exist periods of fairly regular daily occurrence! 
during which the strength of the received signals is at a minimum. 



Fia. t 

lima in the morning and the evening, when, in consequence of the 
difference in longitude, daylight or darkness extends only part of the 
way across the ocean, the received signals are at their weakest. It 
would almost appear ns if electric waves, in passing from dark space 
to illuminated space and vice versa, were reflected and refracted in 
such a manner as to be diverted from the normal path. 

Later results, however, seem to indicate that it is unlikely that 
this difficulty would be experienced in telegraphing over equal dis¬ 
tances north and south on about tbe same meridian, as, in tH* case, 
the passage from daylight to darkness would occur more rapidly over 
the whole distance between the two stations. 

1 have hero some diagrams which have been carefully prepared 
by Mr. II, J. Round. These show the average daily variation of the 
signals received at (lifdcn from Glaco Bay. 

The curves traced on the diagram (fig. 8} show the usual varia¬ 
tion in the strength of these transatlantic signals on two wave lengths 
—one of 7,000 meters and the other of 5,000 meters. 
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The strength of the received waves remains ns a rule steady during 
daytime. 

Shortly after sunset at Cli/dcn they become gradually weaker, and 
about two hours later they are at their weakest. They" then begin to 
strengthen again, and reach a very high maximum at about the time 
of eunsot at Glace Bay* 


They then gradually return to about normal strength, but through 
the night they are very variable. Shortly before sunrise at Clifden 
the signals commence to strengthen steadily, and reach another high 

maximum shortly 

1&RI/XION OF SIGNALS 
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after sunrise at Clif- 
den. The received 
energy then steadily 
decreasea again until 
it reaches a very 
marked minimum, a 
short 1 ime beforeaun- 
risc at Glace Bay. 
After that the signals 
gradually come back 
to normal day 
strength, 

It can bo noticed 
that, although the 
shorter wave gives on 
the average weaker 
signals, its maximum 
and minimum varia¬ 
tions of strength very 
sensibly exceed that 
of the longer waves. 

Figure 9 shows the 
Variations at Clifdca 
during periods of 24 


r».a Fw,ift hours, commencangat 

12 noon throughout 

the month of April, 1911, the vertical dotted lines representing sunset 
and sunrise at Glace Bay and Gif den. 

Figure 10 shows the curve for the first day of each month for one 
year, from May, 1910, to April, 1011. 

I carried out a series of tests over longer distances than had ever 
been previously attempted, in September and October of last year, 
between the stations of fdifden and Glues Bnv, and a receiving station 
placed on tho Italian Steamship Prind}>ts3a Mq/Wda, in the course of 
a voyage from Italy to Argentina <pl, l, fig. 1 ). 
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During these tests the receiving wire was supported by means of a 
kile, as w&g done in my early transatlantic testa of 1901, the Leigh* 
of the kite varying from about 1,000 to 3,000 feel. Signals and mes¬ 
sages were obtained without difficulty, by day os well as by night, up 
to a distance of 4,000 statute miles from Clifdcn* 

Beyond that distance reception could only bo carried out during 
nighttune* At Buenos Aires, over 6>000 miles from Clifdcn, the 
night, signals from both Clifden and Glace Bay were generally good, 
but their strength suffered some variations* 

It is ratlier remarkable that the radiations from Olifden should 
have boon detected at Buenos Aires so dearly at nighttime anil not 
at all during the day, whilst in Canada the signals coming from Clif- 
den (2,400 miles distant) are no stronger during the night than they 
are by day. 

Further tests have been carried out recently for the Italian Gov¬ 
ernment between a station situated at Maraaua m East Africa and 
Coltano in Italy. Considerable interest attached to these experi¬ 
ments, in view of the fart that the line connecting the two stations 
passes over exceedingly dry country and across vast stretches of 
desert, including parts of Abyssinia, the Soudan, and the Libyan 
Desert* The distant between the two stations is about 2,f*O0 miles. 

The wave length of the sending station iti Africa was too small to 
allow of f rsnsnusdon b eing effected during daytime, but the n •suits 
obtained during the hours of darkness were exceedingly good, the 
received signals being quite steady and readable. 

The improvements introduced at Clifden and Glace Bay have had 
the result of greatly mini mining the interference to which wireless 
transmission over long distances was particularly exposed in the 
early days* 

The signals arriving at Clifden from Canada are as a rule easily 
read through any ordinary electric*il atmospheric disturbance. This 
strengthening of the received signals has moreover made possible the 
use of recording instruments, which will not only give a fixed record 
of the received messages, but are also capable of being operated at a 
much higher rate of speed than could ever be obtained by means of 
ah operator reading by sound or sight. The record of the signals is 
obtained by means of photography in the following manner: A sen¬ 
sitive Einthoven string galvanometer Is connected to the magnetic 
detector or vidve receiver, and the deflection# of it# filament caused 
by the incoming signals are projected and photographically fixed on 
a sensitive strip, which is moved along at a aid table speed (pi. t- t 4Sgi2)» 
On some of these records, which T am able to show* it is interesting 
lo note the characteristic marks and sign* produced amongst the 
signals by natural electric wave# or other electrical disturbances of 
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the atmosphere, which, on account of their doubtful origin, have been 
called "S'a" 

Although the mathematical theory of elec trio w ei ve propagation 
through apace was worked out by Clerk Maxwell more than 50 years 
AgOj and notwithstanding ail the experimental evidence obtained in 
laboratories ton coming the nature of these wu v r 3 t yet so fur we 
understand but incompletely the true fundamental principles con¬ 
cerning tho maimer of propagation of the waves on which wireless 
telegraph transmission is based. For example, in the early days of 
wireless telegraphy it was generally believed that the curvature of 
the earth would constitute an insurmountable obstacle to tho trans¬ 
mission of electric waves between widely separated point#. For a 
considerable time not aullieient account was taken of the probable 
effect- of the earth connection, especially In regard to the* transmission 
of Mediations over long distance 

Physicists seemed to consider for a long time that wireless teleg¬ 
raphy was solely dependent on tho effects of free Hertzian radiation 

through space, and it was years 
before the probable effect of the 
conductivity of tho earth was con¬ 
sidered and discussed. 

Lord Rayleigh, in referring to 
transatlantic radiotelegraph y 
stated in a paper read before the 
Royal Society in May, 1003, that 
the results which I bad obtained in signaling across the Atlantic 
suggested " a more decided bending or diffraction of the waves round 
the protuberant earth than had been expected/* and further said 
tliat it imparted a great interest to tho theoretical problem. 1 Prof. 
Fleming, in Ida l>oufc on electric wave telegraphy, gives diagrams 
showing what may be taken to bo ft diagrammatic representation of 
the detachment of semiloops of electric strain from a simple vertical 
wire (fig. 11)* 

As will be Men, these waves do not propagate in the same manner 
as does Iree radiation from n tdiutrical Hertzian oscillator, but instead 
gbde along the surface of the earth. 

Prof. Zepneck 1 lias, carefully examined the effect of earthed receiv¬ 
ing and transmitting aerials, and has endeavored to show mathe¬ 
matically that when the lines of electrical force, constituting a 
wave front, pass along a surface of low specific inductive capacity— 
sm'h as the earth—they become inclined forward, their lower cods 
being retarded by the resistance of the conductor, to which they me 

* Fuse, Ray. See., p. u>. 
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attached. It therefore would seem that wireless telegraphy as at 
present practiced is, to some extent at I cast h dependent on the con¬ 
ductivity of the earth, and that the difference in operation across 
long distances of sea compared to over land is sufficiently explained 
by the fact that aea water is a much better conductor than is Land. 

The importance or utility of the earth connection has been some¬ 
times questioned, but in my opinion no practical system of wirtle^ 
telegraphy exists where the instruments are not in some manner con¬ 
nected to earth. By connection to earth 1 do not necessarily mean 
an ordinary metallic connection as used for wire telegraphs* The 
earth wire may have a condenser in series with it r or it may be con¬ 
nected to what is really equivalent, a capacity area placed close to 
lhe surface of the ground. It is now perfectly well known that a 
condenser, if large enough, does not prevent the passage of high- 
frequency oscillations, and therefore in this case, when a so-called 
balancing capacity b used, the antenna is for all practical purposes 
connected to earth. 

I am also of opinion that there is absolutely no foundation In the 
statement whieh has recently been repeated to the effect that an earth 
connection is detrimental to good tuning, provided of course that 
the earth is good* 

Certainly, in consequence of its resistance, what electrieians call a 
bad earth will damp out the oscillations, and in that way make tuning 
difficult; but no such effect is noticed when employing an efficient 
earth connection. 

In conclusion, I believe that I am not any too bold when I say that 
wireless telegraphy is tending to revolutionize our means of communi¬ 
cation from place to place on the earth’s surface. Tor example, com¬ 
mercial messages containing a total of 812,200 w T ords w'ero sent and 
received between Clifden and Glace Bay from May 1, 1910, to the 
end of April, 1911; wireless telegraphy has already furnished means 
of communication betw een ships and the shore w here communicalien 
was before practically impossible. The fact that a system of imperial 
wireless telegraphy is to be discussed by the impenal conference, 
now bolding its meetings in London, shows the supremely important 
position which radio telegraphy over long distances has assumed in 
tho short space of one decade. Its importance from a commercial, 
naval, and military point of view has Increased very greatly during the 
last few j T cars os a consequence of the innumerable stations which 
have been erected, or are now in course of construction, on various 
coasta, in inland regions, and on hoard ships in all parts of the world* 
Notwithstanding this multiplicity of stations and their almost con¬ 
stant operation, I can say from practical experience that mutual 
interference between properly equipped and efficiently tuned 
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ments has so far been almost entirely ftWnl, Some interference 
dues without doubt take place between ships, in consequence of the 
bn r t hat the two wave lengths adopted in accordance with the rule* 
laid down by the international convent ion, arc not sufficient-for tiv 
proper handling of (he very' large amount of messages transmitter! 
from the ever increasing number of ships fitted with wireless tclcg- 
™phy. A considerable advantage would be obtained tj the utiliza- 
b'n of a t hird and longer WAY® to be employed exclusively for coni- 
inunieation over lung distances. 

In regard to the high-power transatlantic stations, the facility 
with which interference has been prevented has to soma extent ex¬ 
ceeded my expectations. At the receiving station situated at a dis¬ 
tance of only 8 miles from the powerful sender at Clifdon, during 
a recent demonstration arranged for the Admiralty, messages could 
he received from GWe Bay without any interference from Clifden 
when this latter station wjls transmitting at full power On a wave 
length differing only 35 per cent from the wave radiated from Glace 
Bay, the ratio between the maximum recorded range of Clifden 
and S miles being in the proportion of 750 to 1. 

Arrangements are being made to permanently semi and receive 
simultaneously at these stations, which, when completed, will consti- 
iutc in effect the duplexing of radintelegraphic communication be¬ 
tween Ireland and Canada. 

The result which T have lost referred to also goes to show' that it 
would be practicable to operate at one time, on .slightly different 
wave lengths, a great number of long-distance stations Situated in 
England and Ireland without danger of mutual interference. 

The extended use of wireless telegraphy is principally dependent 
on the ease with which a number of stations can be efficiently worked 
in the vicinity of i?Etch other, 

ton si liering that tie wave lengths at present in use range from 
200 to 23,000 feet, and moreover that wave group tuning and direc- 
llvc systems are now' available, it is not difficult to foresee that (his 
comparatively now method of communication is destined to till a 
position of the greatest importance in facilitating communication 
throughout the world 


Apart from long-distance work, the practical value of wireless 
telegraphy may' perhaps be divided into two parts, (1) when used 
for transmission over sea and (2) when used over land 
Many countries, including Iialy, Canada, and Spain,'have already 
supplemented their ordinary telegraph systems by wireless-telegraphy 
installations, but soma time must pass before this method of commu¬ 
nication will bo very largely used for bland purposes in Europe 
generally, owing to the efficient network of land hues alreodv existing 
which render further means of communication unnecessary; and 
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therefore ll is probable that, at any rate for the present, the main use 
of radiotolegraphy will be confined to extra-European countries, in 
some of which climatic conditions and other causes absolutely pro¬ 
hibit the efficient maintenance of land-line telegraphy. A proof of 
this has been afforded by the success which has attended the working 
of the stations recently erected in Brazil on the upper Amazon. 

By the majority of people the most marvelous side of wireless 
telegraphy is perhaps considered to be its use at sea. Vp to the 
time of its introduction, ships at any appreciable distance from land 
had no means of getting in touch with the shore throughout the 
whole duration of their voyage. But those who now make long sea 
journeys are no longer rut off from the rest of the world; business men 
ran continue to correspond at reasonable rates with their offices 
in America or Europe; ordinary social messages can be exchanged 
between passengers and their friends on shore; a daffy newspaper is 
published on board most of the principal liners, giving tho chief news 
of the day. Wireless telegraphy has on more than one occasion 
proved an invaluable aid to the course of justice—a well-known 
instance of which is the arrest, which took place recently through its 
agency, of a notorious criminal when about to land in Canada. 

Tiie chief benefit, however, of radiotelegraphy lies in the facility 
w hich it affords to ships in distress of communicating their plight to 
neighboring vessels or coast stations; that it is now’ considered 
indispensable for this reason is shown by the fact that several govern¬ 
ments have passed a law making a wireless-telegraph installation a 
compulsory part of the equipment of all passenger boats entering 
their ports. 
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I.-INTRO DICTION, 

Electrical transmission of intelligence, m vital to the progress of 
civilization, lias t titan a development at present into telephony and 
telegraphy over metallic w + ire*j and telegraphy, and, to a limited 
extent, telephony, through the medium of the ether by means of 
electric waves. 

During the past 12 years the achievements of wireless teleg¬ 
raphy have been truly marvelous. From an engineering viewpoint, 
the wonder of ii all is, that, with the transmitting energy being 
radiated out over the surface of the earth in all directions, enough 
of this energy is delivered at a single point on the circumference of a 
circle, of which the transmitting antenna is approximately the cen¬ 
ter, to operate successfully suitable receiving devices by which the 
electromagnetic waves are translated into intelligence- 

The " plant efficiency th for electrical energy in the best types of 
wireless stations yet produced is so low that there can be no com¬ 
parison between it and the least efficient transmission of energy by 
conducting wires. 

The limits of audibility, being physiological functions, are well 
known to vary' considerably, but they may be taken to be in the 
neighborhood of 16 complete cycles per second as the lower limit 
and 15,000 to 20,000 cycles per second as the upper limit. If, there¬ 
fore, there are impressed upon a wire circuit for tr ansmi tting intelli¬ 
gence harmonic electromotive forces of frequencies between 0 and IS 
cycles per second, or, again, above 15,000 to 20,000 cycles per second, 
it would seem certain that whatever effects such electlie-wave fre¬ 
quencies produced upon metallic lines, the present apparatus em¬ 
ployed in operating them could not translate these effects into audible 
nignids. 

1 A jhijmt pnuniftj &t Use t**tay'*lrh1'b uumil oflavtiiUon of the Amentia lotiituEa rf Electiksd 
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There are, therefore, two possible solutions to the problem oF 
multiplex telephony nml telegraphy upon this principle by electric 
waves,, based upon tike unalterable characteristics of the human car, 
m, by employing (1) el&ctric waves of infra sound frequencies, and 
(2) those of ultra sound frequencies. One great difficulty in design¬ 
ing generators of infra sound frequencies is m securing a pure sine 
wave, as otherwise any harmonic ol the fundamental would appear 
within the range of audition. Furthermore, the range of frequencies 
is restricted- and the physical dimensions of the tuning elements for 
such low frequencies would have a tendency to become unwieldy. 

The electromagnetic spectrum at present extends from about four 
to eight periods per second, such as are employed upon ocean cables, 
to the shortest waves of ultra-violet light. In this whole range of 
frequencies there are two distinct intervals which have not as yet 
been used, viz., frequencies from about 3X10 11 of the extreme infra¬ 
red to f.X HP, which is the freqauncy of the shortest electric waves 
yet produced by electrical apparatus, and from about 80,000 to 100,000 
cycles per second to about 15,000 to 20,000 cycles par second. The 
upper limi t, of this latter interval represents about the lowest frequen¬ 
cies yet employed for long-distance wireless telegraphy. 

Within the past few years generators Lava been developed in the 
United States giving an output of 2 kilowatts anti above at a fre¬ 
quency of IL>0,000 cycles per second, and also capable of being ope¬ 
rated satisfactorily at as low a frequency as 20,000 cycles per second. 
Furthermore, these machines give a practically pure sine wave. 

The necessary conditions for telephony by electric waves guided 
by wires are an uninterrupted source of sustained oscillations and 
suruo form of receiving device which Is quantitative in its action, fit 
the experiments described iri multiplex telephony and telegraphy it 
has been necessary and sufficient to combine the present engineering 
practice of wire telephony and telegraphy with the engineering 
practice of wireless telephony and telegraphy. 

The frequencies involved in telephony over wires do not exceed 
I *800 to 2,000, and for such frequencies the telephonic currents arc 
fairly well distributed throughout the cross section of the conductor. 
As the frequency is increased the so-called “akin effectbecomes 
noticeable, and the energy Is more and more transmitted in the ether 
surrounding the conductor- 

It lias been found possible to superimpose, upon the ordinary tele¬ 
phonic wire circuits now commercially used, elec trie waves of ultra 
sound frequencies without producing any harmful effects upon the 
operation of the existing telephonic service. Fortunately, therefore, 
the experiments described below are constructive and additive, 
rather than destructive and supplant! ve. 
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Electric waves t>f ultra sound frequencies are guided by means uf 
wires uf an existing commercial installation and arc made the vehicle 
for the tranaimssion of additional telephonic and telegrapliie messages. 

APP ARAT US AND EQUIPMENT. 

Under a special appropriation gran ted to the Signal Corps by Con¬ 
gress in the army appropriation act of 1909, a small research labora¬ 
tory has been established at the Bureau of Standards, in the suburbs 
of the city of Washington* This laboratory is equipped with the 
latest forms of apparatus now employed in the wireless telephone and 
telegraph art* and also with the standard types of telephone and 
telegraph apparatus now used upon wire circuits. The small con¬ 
struction laboratory of the United States Signal Corps is located at 
1710 Poimaylvanuc Avenue and is also equipped with the usual types 
and forms of apparatus used in transmitting intelligence by electrical 
means. Each of these labors to ries is supplied with a wireless tele¬ 
phone and telegraph installation with suitable antenna. In addi¬ 
tion, these two laboratories are connected by a standard telephone 
cable line about 7 miles in length, which was employed in the experi¬ 
ments described below. 

THE 100 ,GOO-CYCLE GENERATOR . 1 

The high-frequraicy alternator, which is shown complete with 
driving motor and switchboard in the accompanying illustrations, is 
a special form of the inductor type designed for a frequency of 100,000 
cycles with an output of 2 kilo waits, making it adapted for use in 
wireless telephony or telegraphy (pi. 1), 

Driving motor. —The motor is a shunt-wound 10-horsepower ma¬ 
chine with a normal speed of 1,259 revolutions per minute. It is 
connected by a chain drive to an intermediate shaft which runs at a 
apeed of 2,000 revolutions per ndnute. The Intermediate shaft 
drives the flexible shaft of the alternator through a Do Laval turbine 
gearing, having a ratio of 10 to L The flexible shaft and inductor 
thus revolve at a speed of 20,000 revolutions per minute. 

Field coOf *—The field coils, mounted on the stationary iron frame 
of the alternator, surround the periphery of the inductor. The 
magnetic flux produced by these coils passes through the laminated 
armature and armature Mils, the air gap, and the inductor* This 
flux k periodically decreased by the nonmagnetic sections of phos- 
phor-brenae embedded radially in the inductor at its periphery. 

Anwxhir& e&ifo-^Tho armature or stators are ring-shaped and are 
made of laminated iron. Six hundred slots are cut on the radial 
face of each; a quadruple Bilk-covered copper wire, 0,019 inch (0.4 
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millimeter) in diameter, js wound in a continuous ware up and down 
tile successive slots. The peripheries of the armature frames arc 
tlireaded to screw into the iron frame of tlm alternator. By means of 
a graduated scale on the alternator frame, the armature can be 
readily adjusted for any desired air gap. 

In<hurtor ,—The inductor or rotor has 300 teeth on each akin of its 
periphery, spaced 0.125 inch (3 + 17 millimeters) between centers. 
The spaces between the teeth are filled with U-shaped phosphor- 
bronze wires, securely anchored, so as to withstand the centrifugal 
force of SO pounds (36.3 kilograms) exerted by each. Sin re each 
tooth of the inductor gives a complete cycle, 100,000 cycles per 
second are developed at 20,000 revolutions per minute. The diame¬ 
ter of the disk being 1 foot (0.30 meter) t the peripheral sp.I in 

1.U47 foot (319 meters) per second, or 700 miles (1,127 kilometers) per 
hour, at which rate it would roll from the United States to Europe 
in four hours. By careful design and selection of material, u factor 
of safety of 6.7 b obtained in the disk, although the wntrifugml 
force at its periphery is 68,000 times the weight of the metal there. 

Bearings *—The generator has two sets of bearings, as shown in t he 
illustrations, the outer set being the mam bearings which support 
the weight of the revolving parts. These bearings arc self-aligning 
and are fitted with special sleeves, which are ground to coincide 
with longitudinal corrugations of the shaft, thus taking up the and 
thrust. A pump maintains & continuous stream of oil through those 
hearings, thus allowing the machine to be run continuously at full 
speed without troublesome heating. 

The middle bearings normally do not touch the shaft, but tiike up 
exceedve end thrust and prevent excessive radial vibration of the 
flexible ahull. 

An auxiliary bearing or guide is placed midway between the gear 
box and the end bearing. Its function h to limit the vibration nf 
that portion of the shaft. 

Critical periods.—In starting the machine, severe vibration occurs 
:lI two distinct critical speeds, one at about I f 700 and the other at 
about 0,000 revolutions per minute. The muddle bearings prevent 
this vibration from becoming dangerous. 

Voltage* —With the normal air gap between the armatures and 
revolving disk of 0.015 inch (0.38 millimeter), the potential developed 
is 150 to Us with the armatures connected in series. It is possible, 
however, to decrease the air gap to 0.004 inch (0.10 millimeter) for 
short runs, which gives a corresponding increase in voltage up to 
nearly 300 volts. It is considered inadvisable, however, to run with 
this small air gap for any considerable length of time. 

The machine is intended to bo used with a condenser, the capacity 
reactance of which balances the armature induction reactance, which 
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is 5 A lum at 100,000 cycles, Tiiii would require a capacity of 
about 0.3 microfarad for resonance tit this frequency, but in the 
experiments conducted at 100,000 cycles it was found necessary to 
decrease this- amount on account of the fixed auxiliary induct ance of 
the leads* 

constants of the telephone line. 

The telephone line used in these experiments extends from the 
Signal Corps laboratory at 1710 Pennsylvania Avenue to the Signal 
Corps rtsaeandx laboratory at the Bureau of Standards. 

This line is made up of the regular standard commercial equipment 
and consists of papcr-insulated, twisled pairs in lead-covered cable, 
placed in conduit in the usual manner employed for city installation. 
For the sake of convenience, one of the pair b designated as No. I 
wire and the other as No. 2 wire. 

The air-Jiiie distance between the two laboratories b a little over 
3 miles (d r S kilometers), but the telephone line,, by pacing through 
three exchange*;, covers about 7 miles (11*27 kilo meters). The course 
of 11 io lino, with tha size and type of conductor, b its folluws: 

LuboniSorry ta iaiin exchange, underground ruble, Nn. 22 B, <fc S. 

Main vtd h frTi g e to w€«t Gichangt*, enderground cable. No. 19 R, & B. 

Wovtflxcban^e to Cleveland GKchan^Cj underground cable, No,. 1& B. A S. 

Ctevehmd eftichmge to Bureau of Standard*,, underground cable, No. IS B. £ S. 

All uudet^immd cable extropt firum Bureau oT Standards lo WlieCnain AffMH and 
Fierce Hill Rand, about 3,400 feet, wlikb it aerial cable. 

Thb line is equipped with protective best coils of a standard type, 
one in each wire of the metallic circuit, at the Cleveland exchange and 
the main exchange, but none ut the wosL exchange. The constants of 
each of these coils are as follows: 


Blivet current reelatanee of 65 s -. +T .. T . , Tr ............ .ohms. _ 3+S 

B\ta of wire* No. 30 B, A S. 

Length of wire, ....*.*** + ,*^ ........cm.. 40 

Number of turns in each coi1 t ubmU_ _ ....____ _ S3 

Measured inductance *t 70 fc ^CK> Cycle*..,............__ _ _cm.. 4,400 

Or 4 A X10"* beiuy. 


The above constants were measured from a sample of one of these 
coils selected at random. 


Resistance «f metallic circuit.. .. T , -,.,. T „_ + .obms-- 7T6 

tapfudLy measured (une minute electriiluatintt, between Xb 1 tiud No. 2 wire* 

*.- - ----- microfarad-. 0-Gfl 

Itmulnikin rMbtaiiee: 

Butweca No. I wire and e&rth......- T __^. --- .megnlipM., 0.9 

Between No. 2 wire and earth...__ T ,.~ _-- . ,. „ T ,. % do„*. L3 

Between Nu. 1 and No, 2 wires In parallel and earth, , .. dp T „ . T Qv 8 

Between N a. land N<u Swiroa,-.—. .do*,* + 2.1 


The line included the usual house-wiring at each station, which was 
undisturbed in taking the measurements. 
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tl,—DUPLEX-DIFLEX TELEPUOAT OVER WIRE CIRCUITS. 

Sudi him been the doYclopmeixt of telephone engineering that til 
present any proposal which required for ltd duccL^d the supplanting of 
the present low-frequency buttery system would be most radical. It 
Would surely bo admitted that any plan which permits the present 
engineering telephone system to remain ml net and superimpose 
thereon additional telephone circuits would possess cun. linn l advan¬ 
tages, Accordingly f tho first preliminary experiments were directed 
to the inquiry m to whether or not it id|H>^ibletosuperimj>iisoupon 
the minute telephonic currents now employed in telephony over wires, 
electric waves of ultra-sound frequencies without causing prohibitive 
interference with the battery telephone currents, Manifestly, this 
fundamental point can best be determined by experiments, at the 
generator itself, with the moat sensitive part of the telephone equips 
tnent, viz, the telephone receiver. Accordingly, experiments were 
first conducted with various forms and types of telephone receivers In 
connection with local circuits at the generator. Such is the sensibility 
of the telephone receiver that it was thought possible that, although 
currents of frequencies entirely above audition were applied to the 
receiver from a dynamo as a source! there might be some frequent'v nr 
frequencies from the operation of the apparatus which would bo within 
the range of audition. Such was found, bx fact, lu bo the case at cer¬ 
tain critical frequencies of the machine, but they wore of no practical 
importance, as will be shown later. 

With a collection of telephone receivers ranging from about 50 i o 
over SpOOO ohms and of a variety of designs, a series of tests was made 
m&tf severe conditions to determine (he above point. It wm found 
in general, that altemalmgcurreius of frequencies ranging from 3O a 0UU 
to ] <10,000 cycles per second, when coupled couductivdy, inductively 
or electrostatically to local circuits from the generator produced abso¬ 
lutely no perceptible physiological effects in the roeciyem, excepting 
only that at certain of tho lower frequencies a distinct audible note 
could be faintly heard in ono of the receivers of about 250 ohms 
reals tnuce. 

A search for tho cause of iliia note showed that ii is due to a slight 
variation of tho amplitude of the high-frequency current of the gen¬ 
erator, since no evidence of it could be detected on the buttery tele¬ 
phone aide of the circuit. It appears to be caused by a 'very slight 
vibration of the rotor as a whole in tho magnetic field uf the generator. 
It was almost entirely removed by the simple device of opening out 
the stators, which increases tho clearance and materially cuts down 
the flux of the machine. In practice it k a distinct advantage, how¬ 
ever, to have a trace of this note still left on the high-frequency aide of 
the circuit, otherwise there Ls no ready means of determining at the 
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receiving end of the cable line whether or not the Ingh-frcquency cer- 
rent is present on the line, whereas Urn note f wltieh has to be searched 
form tuning and which was entirely tuned out when speech was best, 
gsYe a very convenient method of testing for the presence of lugh- 
frequency current. 

Having determined the general nature of this disturbance and its 
Comparative unimportance r no further investigation of it Was consid¬ 
ered necessary at that time* 

The nest fundamental point to determine was whether or not at 
these frequencies a telephone can receive enough energy to make it 
operative for producing sound waves in air. 

Since the self-induction of a standard telephone receiver Is high, 
energy at these frequencies is effectively barred from it. Fn the wire- 
less telegraph art P where the frequencies involved are from one hun¬ 
dred thousand to several million per second, ihh pro Idem has been 
uniformly solved by the introduction of some form of detector for 
electromagnetic waves, whose function is to transform the energy of 
the high-frequency oscillations into other forms suitable to a type of 
instrument such as a telephone receiver* 

Tha next step, therefore, consisted in introducing various forms; of 
detectors, such as are now used in wireless telegraphy, between the 
telephone receiver itself and the energizing circuit. Since the fre¬ 
quencies being here considered are entirely above audition it wits 
necessary, in order to produce a physiological effect, to introduce 
anoiher element in this transformation, viz, some method of modify¬ 
ing the continuous train of sustained oscillations from the generator 
into groups or trains, the period of which falls within the limits of 
audition. This was accomplished by employing the regular forms of 
automatic iuterruptem, such os are now used in wireless telegraphy, 
with the expected rrstilt that with these two additional and essential 
pieces of apparatus operatively connected between the telephone 
receiver and the generator, the energy of the generator was delivered 
to tho car In a form well suited for physiological effects. Since it is 
well known that the human ear is most sensitive at a period of about 
500 cycles per second, or ],OOU alternations, interrupt ere giving this 
frequency were employed. 

The presence of the detectors in this chain of transformations is 
necessitated by the use of the telephone receiver ns u translating 
device. 

Although some of the detectors for electric waves are very sensitive 
to electrical energy they are here employed not because they are more 
sensitive to electrical energy than is the telephone receiver itself, 
which is not thcea^ but because the telephone receiver is not, adapted, 
for the reasons stated above, to translate electrical energy of these fre¬ 
quencies into movements of its diaphragm. 
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The elements of the apparatus thus far include a generator of sus¬ 
tained high-frequency oscillations, an interrupter to modify the am¬ 
plitude of these oscillations into groups of a period within the range of 
audition, some form of detector to rectify those oscillations, and a tele¬ 
phone receiver. Manifestly here are all of the elements that arc neces¬ 
sary for telegraphy, using the telephone receiver to interpret the 
signals. 

If in the above mentioned chain of apparatus the interrupter is 
replaced by some form of telephone transmitter, such as the micro¬ 
phone, this is all that is necessary fur the transmission of speech. 

Experiments wenoynade over local circuits with apparatus arranged 
in this order over a range of frequencies from 20,000 to 100,000 per 
second, with the result that speech was transmitted very satisfac¬ 
torily. Upon removing the detector from the above arrangement all 
perceptible effect in the telephone receiver ceased; in fact no mTange- 
ment of connections of a telephone receiver to such a high frequency 
circuit which did not include seme form of detector was found to be 
operative for telephony, unless certain low resistance telephones were 
used in which cose t he speech was so much weaker as to bo of an 
entirely different order of magnitude. 

The presence of a detector in this chain of operations, is not abso¬ 
lutely necessary in the case of telegraphy, since if th« interrupter 
automatically produces n definite number of wave-trains per second, 
each train consisting of at least several complete oscillations, an effect 
may be produced upon a telephone receiver directly without a detector. 
The physiological effect, however, is quite different, the dear funda¬ 
mental nolo corresponding to the frequency of the interrupter hr in- 
no longer an d ibhi, but, instead, a peculiar dull 1 basing sound If, how¬ 
ever, a telephone receiver was used, which, instead of having n per¬ 
manent magnet as u core, had one of soft iron, no effect without the 
detector was produced with the energy used. 

As stated above in the case of telephony, the energy required for 
telegraphy without a detector is of a different order of magnitude. 

Having determined the necessary :tnd sufficient conditions for the 
accomplishment of telegraphy and telephony by means of electric 
waves guided by wires upon local circuits, the next step was to apply 
these means and conditions to an actual commercial tele phono cable 
line., the constants of which have been given above. 

The machine was run at a frequency of 100,000 cycles per second 
with the circuit arrangements as shown in figure 1, where one wire of 
the telephone cable was connected to one terminal of tho second nr v 
of an nir-core transformer, the other terminal being connected to 
earth. 

At the receiving end of the line, which was the Signal Corps con¬ 
struction laboratory, at 1710 Pennsylvania Avenue, Washington, 
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D. C* T this wire was connected directly to earth through a "perikon fl 
crystal detector* such aa is well known in wireless telegraphy* and a 
high tests tanca telephone receiver of about 8*000 ohms was shunted 
around the crystal. In Lhis preliminary experirrfent no attempt was 
made at timing, either at the tranamifcting end or at the receiving 
end of the line. 

In the primary circuit of the generator, arrangements were made 
by which either an interrupter and telegraph key or a telephone 
transmitter could be inserted by throwing a switch. 

In the line circuit a hot wire milliammeter was inserted in a con¬ 
venient position so that the effect of the operation of either the 
telegraph key or of the human voice upon the tra m sma rter could be 
observed by watching the fluctuations of the needle of the milliam¬ 
meter. 

A loose c oup Ling was employed be tween the two circuits at the 
transmitting end, and the line circuit adjusted by varying the coup¬ 
ling until iho current in the line was 20 to 30 mitliamperes. With 
this arrangement (1) telegraphic signals were scut and easily received* 
and (2) speech wh3 transmitted and received successfully over this 
single wire with ground return. 

The ammeter showed marked fluctuations from the human voico 
and enabled the operator at the transmitting station to be certain 
that modified electric waves were being transmitted over the line- 

The actual ohmic resistance of the lino apparently played an 
unimportant part for telegraphy at 100*000 cycles, since with one 
of the wires of tlie pair and a ground return, the effect of doubling 
the conductivity of the wire by joining both wires in parallel, although 
this arrangement increased the capacity of the wires, could not be 
detected with certainty by an operator listening to the signals and 
unaware of which arrangement was being used. 

Inserting in the line wire a nomnduetive carbon rod resistance 
of 750 ohms, which is practically the resistance of the line itself, 
could not be detected by any change in the intensity of the received 
signals. 

The next experiment was to determine what effect* if any # such 
sustained electrical oscillations would have upon the minute tele¬ 
phonic currents employed in battery telephony. 

DUPLEX TELEEHONT, USING ONE GROUNDED CIRCUIT. 

To determine the fact that electric waves of ultra sound frequency 
produce no perceptible effect when superimposed on the same circuit 
over which telephonic conversation is being transmitted* the next 
atep was to use such a train of sustained cksc illations as the vehicle 
for transmitting additional speech over the same circuit* For this 
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purpose the twisted-pair telephone lim- Was equipped with, n com¬ 
plete standard local batten* telephone sot, as installed for commercial 
practices and in addition one of the wires of the pfdr was equipped as 
in figure l p the circuit- being shown diagraming tied ly in figure 2* 
This particular arrangement was employed in thus experiment for the 
reason that, it was desired to have the battery telephone Operate 
on lift usual circuit with the introduction of ground connection* 

at the ends of the 
line for the super¬ 
position of the high- 
frequency circuit* 
When suck ground 
connections were 
introduced directly 
without tuning de¬ 
ments therein the 
metallic circuit ex¬ 
perienced the usual 
disturbance* found 
under city conditiom, hut the metallic circuit could he reduced to 
silence again by introducing in the ground connections the necessary 
[lining elements of magnitudes suited to wireless telegraphy. 

Next, the twisted-pair telephone line was equipped with a com¬ 
plete standard local battery telephone set, as installed for commercial 
practice p with the exception that the local battery circuit of the 
transmitter tele¬ 
phone r ot- was 
opened and a few 
turns of coarse wire 
inserted in series 
with the two dry 
cells which are nor¬ 
mally used, os ab own 
in figure 3* Induc¬ 
tively connected 
with tins coil was 
thtii armature circuit 
of the generator, A hot wire milliammeter wits placed In the line 
i irt:slit to indirate the magnitude of the high-frequency current which 
was flowing on the line* With this arrangement tests were made to 
determine whether or not there were any effects upon the transmission 
of speech, duo to superimposing high-frequency currents upon the 
battery telephone sets, With an operator at each cue! of the line, 
using the equipment in the regular commercial way r the direct-current 
voltage and the alternating^’wrenl vullage in series with it in the 
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primary circuit of tho transmitter wore varied individually and rela- 
Livdy in a variety of wnvs> with the striking result that just at tfao 
j m j int whi r.; Dio directs urn sit voltage wns decreased, so that* no 
sounds won? rereivedf the line became absolutely shiEcnt P although the 
alternating voltage in tho circuit was at its largest value 1 , or, again, 
hfjocrl: would reappear at the receiving station at line moment when 
^Bfedenl dtn^t^iiiTent voltage was introduced to produce il, and the 
&atiultrmeona presence of both fee maximum direct voltage and 
maximum high-frequency voltage in a circuit produced exactly the 
same result as the 
maximum directHmr- ~ 

rent voltage did alone. 

When, however the 
bgli-freqtiency cur¬ 
rent in tho local eimii t 
was forced to a point 
which caused “bum- 
mg" in the transmit¬ 
ter itself, than, and 
then only, did the 
highdreq i seney e ur- 
rent in any way inters 
fero with the traim- 
niisdcm* “ ^ 

By transpiring this 
coil from the local 
jrireusfc of the tele¬ 
phone set directly into 
the Him itself, so that 
tho high -freq uency 
oseilk turns would be superimposed upon the line beyond the irnn^ 
cored induction roll of tho telephone transmitter, it wry* not possible 
to detect the presence or absence of h^b-frequeney currants. 

An a test under severest conditions tho effect was noted upon 
speech received at the same station at which the high-frequency 
current is being impressed, for here are the attenuated telephonic 
currents at tho receiving end of the telephone line, on which is super- 
imposed a high-frequency current of vastly greater magnitude at 
the same point. Xo effects of any kind could be detected under 
these conditions. From the above experiments it appears that in 
any attempt at multiplex telephony by means of electric waves of 
ultra sound frequencies superimposed upon the minute telephonic 
currents employed In battery transmission there is nothing to fear 
frmu disturbances of such currents upon the operation of the ordinary 
battery equipment* 
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SHJSNT EABTH CJBCUTTS, 

Tim electremignetic constants of the apparatus employed in tele¬ 
graphy und telephony over wire circuits arc of the order of magnitude 
nf microfarads anti henrys, and since no attempt b made ut tuning, 
these arc constructed at present with no provision for continuously 
Tarring the units. 

In wireless telegraphy and telephony these electromagnetic con¬ 
stants are of the order of magnitude ono thousand limes smaller, r 
are expressed in thousand ilis of microfarads and of henrys; further¬ 
more, these forms of apparatus are provided with convenient means 
of continuously varying their values for tuning. 

In the operation of providing tuning elements for earth connections 
there is at the same time afforded a certain means of elimmni mg any 
harmful disturbance* from ihe earth, for the condensers employed 
for tuning to frequencies above audition posses* an impedance to the 
frequencies involved in speech and also any disturbances from tlm 
earth, which effectively prevents the passage of any disturbance of 
audible frequency. These condensers offer a comparatively free pas¬ 
sage to the electrical oscillations of the frequenc ies hero being con¬ 
sidered- When such earth connections are selectively timed with the 
lino to frequencies entirely above audition it is evident that no audible 
frequencies, either in the earth itself or from the line, can pa*s. Sim¬ 
ple experiments proved the efficiency of this arrangement, and when 
the metallic telephone circuit, equipped with a standard local battery 
set, was connected to earth in the manner described, the operation 
of the battery set was perfectly quiet and equally good with and with- 
out mch. earth eoiineetioti*. 

The point was now readied where the fond was clear for duplex 
telephony, and for this purpose the apparatus anil methods employed 
in wireless telephony were applied to one of the wires of the metallic 
circuit ss though it were an antenna. The actual arrangement of this 
circuit is shown in figure 4, in which G b the source of sustained high 
frequency oscillations; C' is the tuning condenser of Lhe oscillatory 
circuit; L' b the tuning inductance of the oscillatory circuit; P is the 
primary of the oscillation transformer; A is the arnmoier; M b the 
transmitter microphone; S b the secondary' of the ocs ilk Lion trans¬ 
former in the line circuit; C is the tuning condenser in ihe line circuit; 
L is the tuning inductance in the lino circuit; A' b the ammeter in the 
line. At the receiving end of the line C t is the line tuning condenser; 
L, is the line tuning inductance; b the primary of the oscillation 
transformer; S t b the secondary of the oscillation transformer; L,' 
b the tuning inductance in the oscillatory circuit; e,' b the tuning 
condenser in the oscillatory circuit, between winch and the tele- 
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phone F' the detector J> is operatively connected; E is the earth 
connection. 

The local battery telephone seta nro connected across the two lino 
wires in the usual manner. In both sots E is the microphone trans¬ 
mitter; - is the local battery; 'i is the induction roil; 4 is the ringing 
system, including the bell end band generator; 5 is the switch book; 
6 Is the telephone receiver. 

It was found that crosstalk whs heard in the detcelor circuit from 
tile battel it transmitter at the transmitting end when the detector 
cimpit alone was connected directly to earth from the line without 
any tuning roil or condenser* If a however, the tuning condenser wsis 
inserted, this cross-talk entirely disappeared, even though the tuning 
roil was net inserted. This h because (lie impedance of the sin nil 
tuning condenser is large for telephonic frequencies, while the tuning 
ceil impedance admits these telephonic frequencies. Roth elements 
of timing are required for selective absorption of energy, so that the 
high-frequency r ire nit Is available jls an additional telephonic circuit. 
With this arrange¬ 
ment talking in the 
transmitter of the 
high-frequency side 
of the system was 
heard only in the 
detector and there 
wm no cross-talk 
from the ordinary 
local buttery cir¬ 
cuit. Similarly, 
there was no effect of the high-frequency transmission on the Joe id 
battery tnuumiLsriion, uiul the two telephonic messages were com¬ 
pletely separated. Both circuits were entirely free from earth dis¬ 
turbances. 
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The volume of speech at the receiving end of the cable is greatly 
increased by simply inserting the transmitter in the dynamo circuit 
and operating this circuit at or near resonance- In addition, the 
coupling at both transmitting and receiving stations should be ^o 
designed to permit adjustment for optimum. 

The frequency iLsed in thk exjjcrinicnt was about 100,000 cycles 
per second. The talk on the regular battery circuit was of the usual 
high standard both ways, that the only reason at this point why 
Complete duplex-diplex telephony was not obtained was the fact that 
there was no high-frequency dynamo available at the laboratory. 
There Is, however, available at this laboratory one of the latest forms 
of the high-frequency arc, and accordingly thk woe arranged with 
suitable electromagnetic constants to give a period of about 71,000 
^m a ^pu 1011-lo 
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cycles per second els trn-soured by a standard wave meter such as is 
now commonly used in wire!ess telephony And telegraphy. This 
source of lugh-froqucncy electromotive force w®8 induced upon the 
high-frequency line wire in a srmilur manner to that described in the 
station at the Bureau of Standards, with the result that one of the 
wires of the twisted pair was made to cany simultaneously the bat¬ 
ten" telephonic currents from the two transmitters, the bigh-fraquency 
osci 11a l ions of about 100,000 cycles per second, applied at the Bureau 
of Standard*, nm\ the high-frequency oscillations of about 71,Cimii 
cycles per second, a pplied at the laboratory, No influence from these 
conditions was perceptible upon the excellence of the batten' trans* 
mkdon and reception of speech i lthi r way, 

DUPLEX TELEPHONY* USING METAIJJC CIRCUIT.. 

(a) aittDOlMO AJiftANOr-ineKT. 

The next experiments pertained to the standard metallic circuit 
as universally used on telephone loll lines in Congested district*, 
Tbe electric constants of this line have already Ijcen given. 

Thu next step was to remove entirely the earth connections from 
the metallic circuit and superimpose both telephonic circuits upon 
the sumo pair of wires, as shown in figure 6, in which the high-fre¬ 
quency apparatus, showTi dlagruxunatically in figure 5, k bridged 
acroiss the lino wires A and A'. G is the source of sustained high- 
frequency oscillations; C\ is the tuning condenser of the oscillatory 
circuit; L t k the tuning coil of the oscillatory circuit; P h the pri- 
murv uf I he oscillation transformer; A k the ammeter; M k the 
transmit ter microphone; S is the secondary of the oscillation trans¬ 
former in the line circuit; C k the tuning condenser in the lino circuit; 
L k the tuning inductance in the line circuit; A t k I he ammeter in 
the line. At the receiving end of the line, C f k the lino timing con¬ 
denser; 1/ k the line tuning inductance; P* k the primary of the 
oscillation transformer; S f k the secondary of the oscillation trans- 
former; L/" is the tuning Inductance in Ihc oscillatory circuit; V fr is 
the tuning condenser in the oscillatory circuit, between which and 
the t ole pi i one F the detector B k operatively connected. 

The local battery telephone sets ora connected across the line wires 
in the usual manner- Jn both sets, I k the nweraphone truiLsinilter; 
2 is the local battery; 3 k the induction coil; 4 k the ringing system, 
including the bell and hand generator; 5 is the switch hook; 0 k i ho 
telephone receiver* 

Since the high-frequency apparatus as commercially developed in 
Ihe wireless telegraph art w els used, each of the units w as variable 
and had been previously carefully calibrated by reference to the 
standards uf the Bureau of Standards. The coupling coils were nf 
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flic design adapted for wireless telephony, tho coefficient of coupling 
being adjustable between wide limits. It ’w as therefore a matter of 
hours iu run through a largo number of experiments in which various 


combinations were tried. 

Tlio transmitters first tried were those of the microphone type 
inserted in tho armature circuit of the dynamo and provided with 
water cooling when currents of several amperes were to be used. 

It wag soon found, however* that tho efficiency of transmission of 
this cable lino was so good for electric waves of these frequencies that 
a vorv :*nmli current, in the neighborhood of 2 millmm petes, sent into 




iW 


tm, $. 


the line was limply 
sufficient for good 
speech at the re¬ 
ceiving end about 
7 miles distant. 

Xo attempt was 
made to determine 
to what lower limit the transmission current could reach in this 
respect> hut such small currents enabled the ordinary* telephone 
transmitter to be used without any provision for cooling, especially 
when it was inserted in the line circuit instead uf in the annatura 
circuit of tho dynamo* 

The telephone receivera were thoec regularly furnished for wireless 
telephony, ranging in resistance front 2,UOO to 8.000 duns, 

Rtxonunai. —A» wzis uxpgctcid, the phenomena of resonance under 



tho conditions which here obtained were very pronounced ami highly 
consistent, since l hurts in here a definite circuit free from 1 ho disturb¬ 
ances and variations inherent in radio telegraphy and telephony* 
In wireless telegraphy and telephony h is well known that within a 
lew minutes triui.smission will drop off many fold from causes not en¬ 
tirely understood, and from diurnal variations and electrostatic dis¬ 
turbances, effective tronsml$4on is often prevented. 

In general* the different circuits were tuned to resonance in the 
same manner, for the same purpose, and with the same effect as in 
wireless telephony and telegraphy. 
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The line circuit itself readily timed to resonam-e for die pssr- 
liculor frequency of the dynamo by noting the maximum reading of 
the hot wire ammeter A f in the line itself. This maximum is readily 
fount! by varying either the capacity C or the inductance L f or both* 

At the receiving end of the line, coil L* and the condenser C% as wdi 
as the coil L" and the condenser C^j were tuned to give a maximum 
intensity of signals in the receiving telephone of the ntidion. 

The audion, a detector of the po-c ailed vacuum typo, consists of an 
exhausted bulb containing (a) a tungsten filarucnl maintained at jij- 
ciindescence by a current from a lend buttery of 6 volts mid (6) two 
platinum electrodes insulated from die filament and from each other. 
To these electrodes, one of which ka platinum plate and the other a 
platinum grid, there are applied through the high resist unco receivers 
about 35 to 45 volts from a local battery. The brilliancy of the fila¬ 
ment k controlled by a small series rheostat, a]id the voltage applied 
to the insula led terminals by a local potentiometer. 

The gases in the bulb# becoming ionized by contact with l ho glowing 
deetrade, servo as a conductor of electricity, having a high unilateral 
conductivity- If die platinum wire grid is close iu the hot filament 
and the plate at gome greater distance, the direction of greater con¬ 
ductivity is from die plate through the gas by the ionic path lu the 
grid, so that if the positive terminal of the telephone battery is ap¬ 
plied at the pi ale terminal and the negative at the grid terminal, a 
sufficient current to operate the telephone will flow. 

If the terminals of the condenser of a resonant receiving circuit are 
connected to the grid and to one terminal of the filament the high 
frequency cun.fi impressed from lids resonant circuit will cause a 
greater current to flow through the gjLH in one direction than in the 
other, as In, the case of the direct-current potential applied through 
the telephone receiver. Tills rectifying effect will he reproduced in 
the telephono receivers, causing them to make audible the received 
signal:^ 

By changing iho coefficient of coupling or the potential across the 
audios, which is adjustable, or Iho amount of ionization of the gases 
in the tube by adjusting the current through the filament, or any 
combination of these, it was found Lliat the receiving operator could 
bring out the speech to tfoit ids particular fancy. 

As stated above, llie dynamo operated regularly at ranges from 
!00 p 000 cycle? per second down to 20,000 cycles per second. It was 
therefore possible to try the effect of a comparatively wide range of 
frequencies iu these experiments, covering tliree octaves, the induc¬ 
tances anil capacities being chosen to correspond to each particular 
frequency* It was found that more energy was delivered over this 
particular type and length of circuit by using the lower frequencies of 
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this range than the lugher ones, although efficient results were easily 
obtained at any point. 

The battery telephone side of the equipment was left abseil u tely 
intact, as it would be commercially used, and severe tests were made, 
employing four operators, to determine the efficiency of two simulta¬ 
neous conversations over this same pair of wires. 

The ringing circuit was operative both ways with no apparent effect 
on the high frequency telephone transmission. This ringing circuit 
develops a comparatively large alternating current Bowing in die wire 
at about 30 cydee per second and at u voltage of many times that of 
either the Ugh frequency or the battery side of the circuit. 

Articulation tests, including mush, numerals and other difficult 
combinations, gave satisfactory results, with no interference what¬ 
ever between the two sides of the circuit. 

By holding one telephono receiver to one ear and the other receiver 
to the other ear the receiving operator could hear tw r u entirely 
different conversations simultamujudy over the same pair of wires, 

(n) SglUEB AURANC1EITENT. 

A circuit was next made up with high-frequency apparatus Inserted 
directly in the line in series, instead nf in the bridging arrangement 
shown in figure 5. The 
circuit used is shown dkr 
grammadcally in figure 7, 
in which Land 1/ are the 
secondary coils of the 
transmitter and receiver, 
respectively. C and C f 
represent variable con¬ 
densers of the order of magnitude used in wireless telegraphy and serve 
as low impedance paths for the high-frequency osdUaLions, and at. the 
same time prevent the short circuiting of the low-frequency battery 
telephone currant. It was found that tick arrangement gave appar¬ 
ently as good results m the bridging arrangement of the circuit. 

IIL—DtTLEX-D I FLEX TELEGRAPHY. 

Having described in detail the experiments for obtaining the 
simultaneous transttitasioa of two telephonic messages over a single 
circuit, it will be apparent that the problem of transmitting two 
telegraphic messages over the same circuit may be solved by methods 
nod apparatus as far as the high-frequency side of the circuit is con¬ 
cerned, winch are practically identical with those described above. 

In lias connection the metallic circuit referred to was equipped 
with a standard Horse set for manual operation, and upon this cir- 
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cult was ^perimpoaed an equipment for transmitting in otm direction 
Udcgraplde messages by means of sustained high-frequency osj.III cl- 
tiuns, employing the telephone as the means for receiving the signals. 
The circuit used is shown diagrammatically in figure 8 P in which, in 
the Morse set, there are shown between the lino wire and the ground G, 
the lino relay S s the key K, and the lino battery B; and the local 
battery b and the sounder */ and b which, in the high-frequency 
set, are similarly shown between the lino wire and the ground G the 
tuning dements C and L; and at tho transmitting end the oscillation 
transformer T t the primary of which is in circuit with the dynamo 
as a source of sustained oscillations, the telegraph key K\ the inter¬ 
rupter I ami the tuning elements C' and L' p and at the receiving end 
the ohc ilia Lion transformer R in the secondary circuit of which are 
included tho usual tuning element* and operatively connected to 
them the detector and its telephone as a means oF receiving Urn 
signals. 

As noted in tho cose of the preliminary Wal emmit tests, ii was 
found that over this particular line it was not necessary to use a 



detector for dcctromaguetic wato p since enough energy was delivered 
to operate the telephone receiver by connecting it directly between 
the lino and the earth. 

The sound produced, however, was characteristic idly different 
in the two cases. With the detector the individual signals had the 
characteristic tone corresponding to the interrupt or at the trans¬ 
mitting end of the fine, whereas without the detector this tone was 
entirely absent, and a general dull sound, due to the resultant action 
of the wave-trains was heard. If, however, a telephone receiver was 
employed with a soft iron core, instead of a permanent magnet, no 
result wp obtained with the limited power used on this line. 

Although little mention uf telegraphy by high-frequency electric 
waves has been made thus far, as a matter of fact n was found 
convenient during tho experiments upon telephuny actually to 
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employ telegraphy as a quick anil ready means of determining 
resonance between the circuits in each particular ease. 

When any particular arrangement was being employed the Erst 
steps were invariably to send simple Morse signals over the circuit 
until the operator at the distant end of the line reported maximum 
loudness in the receiving telephone, which indicated that the ter¬ 
minal apparatus with the line circuit was properly tuned. This 
lwing accomplished, it was necessary only to throw a switch to 
substitute for the automatic interrupter and telegraph key the 
telephone transmitter, and the experiments could then proceed on 
telephony without any material change being made at the receiving 
station. Telephony and telegraphy thus proceeded hand in hand 
as a mere matter of convenience, and one of the practical advantages 
in the use of electric waves for transmit ting intelligence is that the 
whole set-up of apparatus is practically the same for each and they 
can he used interchangeably over the same circuit, 

Considering the Morse equipment, indicated in figure S, the electro¬ 
magnetic units involved are of the order of magnitude of microfarads 
and henrys, and the period of the interrupted direct current for 
Morse sending is not more than the equivalent of about 10 complete 
cycles per second, whereas in the high-frequency side of the circuit 
the electromagnetic units are of the order of magnitude of thousandths 
of a microfarad and of thousandths of a henry and with frequencies 
not less than 2,000 times greater than those involved in manual 
Morse sending. Furthermore, the ohmic resistance of the lino which 
plays a prominent part in limiting the distance and speed of Morse 
working, is comparatively unimportant in t ho case of electric waves 
guided hv wires. Tire Operation of tho line equipped us in figure 8 
was perfectly satisfactory', there being no perceptible interference 
between the two messages in either direction. 

Since the standard telegraph circuits of the world use a ground 
return, tla* same equipment was arranged to operate on one of the 
wires of the twisted-pair in the telephone cable ns such a circuit 
with earth connections at each end, and its operation was equally 
successful. 

Since it is a well-known characteristic of high-frequency apparatus 
used in tuned circuits that there shall be no iron involved in the 
circuit, it is evident that in cases where such a high-frequency cur¬ 
rent is to ho superimposed upon a line comprising way stations, 
where lino relays are inserted directly in the circuit, it will be neces¬ 
sary and sufficient to shunt such way stations by condensers of the 
order of magnitude of thousandth of a microfarad. Such con¬ 
densers offer a comparatively free path for the high-frequency electric # 
waves, but interpose a practical harrier to the Morse frequencies. 
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The same general statement can be made relative to any of the 
standard forms of low-frcqnency telegraphy over wires a_s now 
practiced, sueh as the polar duplex, the differential duplex, and ihe 
duptexniiplex, emplaying alternating currents of low frequency and 
standard keys, relays, and sounders. 

Inserting a regular 150-sdnjn telegraph relay in series in tho line 
cuts down the higb-fnequcnoy currant to a small percentage of its 
original value, which indicates the marked in Husnu of the presence 
of iron in such a circuit. Furthermore, it was noted that at 100,000 
cycles the hysteresis of the iron cose was so great that it became 
heated very perceptibly in u few moments. 

Since a portion of the telegraph lines now used is still composed 
of iron wires, it would be expected that electric waves won Id be 
propagated over midi wires less efficiently than over copper wires, 
although it is well known that electric waves penetrate tinlv about 
oue-thirteeuth as deeply into soft iron for a given frequency as into 
copper, but Ibb is modified by the fart tlmt tho iron in telegraph 
wires is not soft iron and in addition is galvanised. 

[Section I of this paper, giving details of measurements of electric 
waves of frequencies from 20,000 to 100,000 cycles per second on a 
stEuahml telephone cable line, is omitted from the present reprint 
by the Smithsonian Institution.] 

SUMMARY. 

Radipielegraphy has no competitor as a means of transmitting 
" intelligence bef ween ships at sea and between ships and shore stations, 
and on land it is also unique in its usefulness in reaching isolated 
districts and otherwise inaccessible points. To what extent it may 
be also developed to furnish practical intLTcommunicatitin according 
to the lugh standard now enjoyed in thickly populated districts it 
Is not attempted to predict. 

The foregoing experiments indicate that father the existing wire 
system, or additional wires for the purpose may be utilized for the 
efficient transmission of telephonic and telegraphic messages, and 
the former without interfering with the existing telephone traffic on 
these wires. 

The fact that each of tho circuits created by the use of super¬ 
imposed high-frequency methods is both a telephone and u telegraph 
circuit interchangeably, makes it possible to offer to the public a new' 
type of service, which it is believed will offer many advantage^ to 
the commercial world. This type of circuit should be particularly 
applicable to press association service, railroad service, and leased 
wire service of all kinds. 

The experiments described should not be interpreted as in any way 
indicating limitations to radio telegraphy and telephony in the future, 
for their present rapid development gives justification for groat pros- 
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pact for the future. It is rather considered that the whole system of 
intercommunication, including both wire methods and wireless 
methods, will grow apace, and as each advance is made in cither of 
these it will create now demands and standards for still further 
development. We need more wireless telegraphy everywhere, and 
not less do wc need more wire telegraphy and tele plumy everywhere 
and* again* more submarine cables, The number of submarine 
cables connecting Europe with America could be increased many 
times and all of them kept fully occupied, provided the traffic were 
properly classified to enable some of the enormous business which 
is now carried on by mail to be transferred to the quicker and more 
efficient cablegram letter. That time will surely come when the 
methods of electrical intercommunication will have been so developed 
and multiplied that the people of the different countries of the world 
may become real neighbors. 

Accustomed to the method* of transmit ting energy for power pur¬ 
poses by means ol wire, it is a matter of wonder that enough energy 
can ho dellv©red at a receiving antenna from a transmitting point 
thousands of miles distant to operate successfully receiving devices. 
The value of a metallic wire guide for the energy id the electric waves 
is strikingly shown in the above experiment* p and it furnishes an 
efficient directive wireless system which confines the ether dis¬ 
turbances to closely hounded regions and thus olfira a ready solution 
to the serious problems of interference between messages which of 
necessity have to be met m wireless o[>crations through space. 

The distortion of speech, which is an inherent feature of tele - 
phony over wires, should be much less, if not practically absent, 
when w© mure and inure withdraw the phenomena from the me Lai 
of the wire and coufino them to a longitudinal strip of the ether which 
forms the region between the two wires of a metallic circuit. 

The olrnuc resistance of the wire as shown can be made to play a 
comparatively unimportant part in the transmission of speech, and 
the more the phenomena are of the ether* instead of metallic con¬ 
duction, the more perfectly will the modified electric waves* which 
are the vehicle for transmitting the speech, be delivered at the receiv¬ 
ing point without distortion. 

It 1ms been shown that the phenomena of resonance, which are 
met with in so many different branches of physics, exhibit very 
striking and orderly result* when applied to electric waves propagated 
by means of wires* By utilizing this principle it has been shown 
that the receiving current at the cud of the line may be built up and 
amplified many times over what it would be with untuned circuits. 

The tuned electrical circuit at the receiving end readily admit* 
electromagnetic waves of a certain definite frequency, and bars 
from entrance electromagnetic waves of other frequencies. This 
permits the possibility of utilizing a single circuit for multiplex 
telephony and telegraphy. 
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By R. W> Wood, LL. B + , 

/Vtf/rtjof &f Eipcrimmtid Phyt&tj Johm DopKnJ PkiW#% + 

By far the greater proportion of the discoveries which havo beau 
made in natural science up to dm present time depend upon observa¬ 
tions made with ilio eye, cither with or without the aid of optical 
instrument Tim eye is, however, sensitive to oidy a very small 
part of the total radiation which readies it, and it seema not unlikely 
that, if its range could be extended, many new phenomena would 
immediately come to light. By the employment of photography and 
of instruments which detect and measure the intensity of the infra- 
red or heat ray** much new information has been gathered, especially 
in the science of spectroscope” but usually these methods have been 
applied only in cases where the invisible radiations were known to be 
present. Jt seemed quite probable that if photographic methods 
were applied to various physical phenomena which excluded the 
actiuji of any but invisible rays, new facts would probably be dis¬ 
covered < I can illustrate what I mean by taking two striking cases 
which were found at the very outset of the investigation, and which 
will be more fully discussed presently* 

If th© finger bo dipped into powdered fcme oxide and rubbed 
over a sheet of white paper* eye observation k absolutely unable 
to detect the presence of the streaks made by the white powder, 
unless it hifl been very thickly applied. If, however, we photo¬ 
graph the paper with ultra-violet light wo obtain a picture in winch 
the streaks are as black as if made with powdered charcoal. Tins 
suggests that if we apply t he process to the photography of the moon 
and planets, we have some reason to suspect that substances which 
can not he detected visually may come out In the photographs, a 
surmise which has been justified in one case at leant. This and 
other similar cases will he taken up in detail presently. 

As an illustration of how the method may be applied to the inves¬ 
tigation of various physical phenomena, we may taka another 
interesting case, in which a new radiant emission from the electric 
spark has been discovered* It was suspected that the very short 
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waves discovered by Schumann, which are powerfully absorbed by 
air, might possibly render the air fluorescent, the emit led %lit being 
invisible, however, on account of its short wave length. A heavy 
spark discharge was accordingly placed behind a small dbk of metal, 
which cut off all the direct light, and the surrounding region photo¬ 
graphed with a quartz lens, which is transparent iu the ultra-violet 
rays. It was found that the air in the neighborhood of the spark 
actually did give off actinic invisible rays, the photograph giving 
the impression of a luminous fog surrounding the metal disk- 

1 will now show you an experiment which illustrates that two objects 
which can not be distinguished under ordinary illumination may 
appear quite different when the light which illuminates them ia 
restricted to certain regions of the spectrum, 1 have here two pieces 
of scarlet silk which can noi be distinguished ilia one from the other 
In the light of the incandescent electric lamps which illuminate this 
room. I now extinguish the lamps ami place the two pieces of silk 
under this Cooper-Hew'itt mercury arc lamp, and as you sec, one of 
ike instill appears scarlet as before, while the other appears very dark 
blue, almost black, in fact, Thu peculiarity of the mercury lamp lies 
in the fact that it gfaes out liUle or no red light, consequently red 
objects in general appear almost black, Thu peculiarity of this 
particular piece of silk, by virtue of which it appears quite as red as 
in ordinary lights, lies in the fact that the red dye with which it is 
colored is fluorescent under the action of the green rays from the 
tamp; tho red light is mail tifaeiu rod ( so to speak, from tho green 
light by tho coloring matter of the silk* If I place the arc lamp 
and the piece of silk behind this large sheet of red glass, you will 
observe that the fabric is actually brighter than the lamp itself, 
probably eight or ten tunes as bright. We can form an image of the 
lamp on the silk with a Jens, and the image will be many times 
brighter than the lamp, which might be taken as a refutation of the 
old and well-known theorem iai optics that no optical system can 
yield an image brighter than the source (!) Here is another piece of 
white silk upon which I have made some red spots with this same 
dye. By the ordinary illumination of the room it is seen to be white, 
with largo pink polka dots, something quite suitable for a young lady's 
summer gown. I now place it behind the red screen under the 
mercury arc and It at once becomes quite diabolical in appearance, 
bluish-black with flaming spots of scarlet, entirely unsuitable for tho 
aforementioned purpose. The dye which was used for coloring 
these fluorescent fabrics was rkodaxniii. The conditions of illumina¬ 
tion and observation are, of course, rather special in these coses, and 
t have introduced them merely to illustrate how tho eye may bo 
deceived under certain conditions. 
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Practically all source* of light in ordinary use. give out more or 
Jess ultra-violet light which plays no part in vision, hut Which cun bo 
rendered apparent in various ways, 1 have on the table a new 
arrangement by which these raj’s can ho separated from the visible 
ones, Tho apparatus k practically identical with tho device quite 
recently used by Prof, Rubens and myself for isolating the longest 
heat waves that have been discovered up to the present time. Tt 
can -be used as well for tho isolation of the ultra-violet, since Its 
action depends u|3on the high refractive index which quartz has for 
these two types of radiation. The source is, in thii ease, an electric 
spark contained in lids box, and the ultra-violet rays are brought to 
a focus upon a small circular aperture in a cardboard screen. Tho 
focal length of the lens Is so much greater for visible light that these 
rays do not Come to a focus at oil, but are spread over a circular area 
of a diameter nearly half that of the lens. 

A penny has been fastened to the center of tho lens with wax, and 
this shields tho aperture from the cone of visible rays coming from 
the central portions of the lens. If i hedd a sheet of white paper 
above the aperture .you observe that it remains dark—that is, no 
visible rays pass through to the paper; if, however, I substitute for 
the paper this mass of uranium nitrate crystals, tho presence of the 
ultra-violet rays k made manifest, the crystals sliining with a brilliant 
green light. 

Certain vapors shine with a brilliant light when exposed to these 
invisible rays. One of the most striking is the vapor of metallic 
mercury, which I con show you by boiling tho metal in this flask of 
fused quartz placed above the aperture. The metal k boiling now, 
and you can all see the brilliant cone of green light which marks tho 
path of the ultra-violet rays through the metallic vapor. If I hold 
a lliin sheet of glass between (he aperture and the flask, you will 
observe that the vapor instantly becomes dark, for tho glass stops 
completely the rays in question. 

'flie vapor of mercury exhibits an absorption band in tho ultra¬ 
violet region winch resembles the band at wave-length 5803 shown 
by dense sodium vapor. So powerful k Hus absorption that I have 
deter ted it in t lie v apo r n f mercury at room temperature. It occurred 
to mo that this light instead of bring absorbed might possibiv bo 
reemitted by the vapor laterally in all directions. To lest this point 
1 sealed up a drop of mercury in an exhausted flask of quartz, and 
focused the light of the mercury are (burning in a silica tube) at the 
center of the bulb, which was not healed. Tho bulb was then photo¬ 
graphed with a quartz lens, and the picture dearly showed the cone 
of focused rays precisely as if the bulb were Jtlled with smoke. Thk 
is another very good example of how new discoveries may bo made 
by ultra-violet photography. 
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If the object to be photographed give® off visible rays in addition 
to the invisible ones, it is necessary to remove these by a suitable 
semen or my filter. Wo will begin by considering some remarkable 
efleets which are obtained when sunlit landscapes are photographed 
by means of the obscure rays at the extreme rod end of the spectrum. 
A screen can he prepared which transmits these rays, and is at the 
Fame tin™ opaque to all other radiations, by combining & sheet of the 
densest blue cobalt glass with a solution of bichromate of potash or 
sonic suitable orange dye. 

Such a screen transmits a region of the spectrum comprised 
between wave lengths 6900 and 7500, Though tins region is visible 
to the eye if a 11 other rays are cut off, it is so feeble in its action that 
it pin vs no part in ordinary vision, being overpowered by the other 
radiations. Wo may tlicnce, for convenience, call photographs made 
through such u screen infra-red pictures, though the infra-red region 
is usually considered us beginning at the point where all notion upon 
the human retina ceases. 

Hie photographs which I am now going to show* you were taken 
through such a screen, with the spectrum plates made by Wratten and 
Wain weight. The time of exposure was about three minutes in full 
sunlight, with the lens stop set at//8. The views were, for the most 
part, made in Sicily and Italy, anil have a very curious appearance, 
for while the sky cornea out in all of them almost as black as mid¬ 
night, the foliage of the trees and the grass come out snow white. 
Tills peculiar effect results from the failure of the atmosphere to 
scatter these long rays. Ti 10 green 1 eaves, however, reflect them very 
powerfully, nr, more correctly, transmit them, since we are dealing 
with pigment or transmission color. If we look at a landscape 
through the screen, carefully protecting the eye from all extraneous 
light with a black cloth, wo shall find that the trees shine with a 
beautiful rich red light against a black sky. Tills condition obtains 
only on veiy clear days, for the presence of the Icost haze in the air 
enables it to scatter the long rays, and you will notice that In those 
pictures which show the sky down to the horizon there is a pro¬ 
gressive increase in its luminosity as we pass from the zenith down¬ 
ward, ns a result of the greater thickness of the mass of air sending 
the scattered rays to the camera. 

Another point to be noticed is the intense blackness of tlic shadows 
in the infra-red picture®, due to the fact that most of the light comes 
directly from the sim and little or none from the sky, which reminds 
one forcibly of the conditions which obtain on the moon, where 
there is no atmosphere at all to form a luminous sky. 

When we come to the subject of photographs made with ultra¬ 
violet light, we shall find that we have the conditions reveised, for 
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practically all of llieso very short waves are scattered by lim atnius- 
pbere, and wq have no shadows even in full sunlight. 

Wo will now run through the senes of infra-rod pictures as rapidly 
os possible, for I have a considerable number of thru). The one 
whit'll is on the screen is one of the finest in the collection (pi. 1). It 
was made in the park at Florence, and shows the long drive, over¬ 
shadowed by trees, the one in the foreground being particularly line 
in Appear once, Tho next- ono (pi. 2) was made at the bottom of 
one of tho old quarries or hitomioB at Syracuse, the view looking out 
through n i:uvdike formation ai u group of almond inw, with which 
the quarry is overgrown. 

Here is a fine row of cypresses growing by an old gate, taken on 
a somewhat lmzy day, with the sky appearing a little lighter than 
usual. Soma of the pictures show the advantage gained in bringing 
out the detail of distant objects seen through tho atmospheric haze, 
and it does not seem impossible that photographs of the brighter 
planets made through An infra-red screen might prove interesting if 
the pinnate are surrounded by a light scattering atmosphere, for we 
must bear In mind that tbs surface of the earth, Hasten from a. iioigli- 
lioring planet, would be seen through a luminous haze, equal in 
brilliance to Lbo blue sky on & dear day; that is, it would present 
much tbe same appearance as k presented by the moon when seen at 
noonday. 

e will now lcmk into the question of how things would appear if 
our eyes were sensitive only to ultra-violet light. In applying the 
same method which wo have used for the infra-red, we require a 
screen which is opaque to oil visible light, but which transmits the 
ultra-violet. 

Glass is opaque to these rays, cutting them off almost complete! v, 
and for this reason we can not employ glass lenses, Quartz, on the 
other baud, is exceedingly transparent to these invMble rays, hut it 
is u little (UliicuJt to find a medium which is transparent to them and 
at the same time quite opaque to visible %ht. indeed, there is only 
ono substance known which completely fulfil la such a condition, 
namely, metallic silver. If we deposit chemically a thin film of 
metallic silver on tho surface of a quartz Ions, a certain amount of 
ultra-violet radiation be tween 301X) and 3200 is able to struggle 
through and form an Imago on the plate, 

I ha^c used silver films through which tho filament of a tungsten 
Ills np is Invisible* E he beat, thickness is that at which tho tungsten 
Jisup is just barely discernible. If the objects to be photographed 
ary d laminated wisli the light of im electric spark, or some other 
source, rich in ultra-violet rays, much thinner films of silver can be 
^Hployodj hut in the case of sunlight, which has paaaed through the 
CLiTtlfs atmosphere, tho ultra-violet in the region for which silver has 
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its lowest re Dpi’ ting power ami greatest transparency has been so 
tremendously weakened by atmospheric absorption, that it is neces¬ 
sary to employ thick films and long exposures, otherwise the action 
upon die. photographic plate results chiefly from the violet and ultra¬ 
violet rays, which are capable of traversing glass. 

As an illustration of tile behavior of silver films of different thick¬ 
nesses, used as ray filters, we may take some pictures which were 
made for the purpose of studying the reflecting power of various 
metals, suitable-for telescope mirrors, for ultra-violet photography. 
As silver reflects only about 4 per cent of the ultra-violet in the 
spectrum rungo for which it is transparent, a silvered glass reflecting 
telescope for this purpose is ohvio usly out of the q ucstion. Spcoalum 
metal is fairly suitable, but speculum mirrors of large sbtc arc trouble¬ 
some, and difficult to procure. 1 accordingly worked oul a method 
of depositing nickel on glass. The glass is first silvered, and then 
electro-plated with nickel, by a process which I have described 
recently in the 'Astrophraietd Journal (Dec., Iflll), Tito double 
sulpha to of nickel and ammonia is used with one or two dir cells. 
Tho solution must Ijo very dilute (10 grams or less to the liter), 
otherwise tho nickel strips the silver from the glass. We have here 
four pictures of a silvered glass dish, partially plated with nickel 
(pi. 3, fig. 1). The silvered portion is marked Ag, the nickel Ni, 
while at G we have a spot of dear glass from which the metal has 
been removed. Tho dish stands against a flat plate of polished 
speculum metal Sp, and the metal surfaces reflect the light of the 
sky to tho camera. The first picture was made hj blue and violet 
light without any ray filler, and as you see tho gloss surface G is 
quite black, while the silver reflects much more powerfully thnu tho 
nickel. Tim following three pictures were made with a quart* lens, 
coated with silver films of increasing thickness. Tim silver ami 
nickel reflect to about, the same degree in the second picture, in the 
third tho silver is much darker than the nickel, while in the fourth 
the silver is seen to reflect no more than tho spot of clear glass 6. 
This last was made through a film, tluougli which a tungsten lamp 
was invisible. If these ultra-violet rays were visible to us, metallic 
stiver would appear to have about the same reflecting power and 
ap|H*amiu:e m ajithrarkp coal. 

Wo will next take up the action of our atmosphere on these ultra¬ 
violet rays. I have taken two photographs of a man standing in tho 
road in full sunshine, in the one case by ordinary light and in ihe 
other by ultra-violet radiation. In the latter tho shadow is com¬ 
pletely absent. Ultra-violet behaves in exactly the opposite way to 
tho infra-red. The infra-red rays are enabled’ to drive through' the 
atmosphere without being scattered laterally by the molecules of the 
air or the dust particles. Tho short or ultra-violet rays, on the other 
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hand, are completely scattered, so that the greater part of the ultra¬ 
violet light which reaches the surface of the ejirth comes front the sky 
and not directly from tho sun. If our eyes were sensitive only to 
ultra-violet we should find the world appearing not greatly different 
from the aspect which obtains at the time of light fog. Wo should, 
indeed, see the sun, but it would ho very dull, and there would be no 
shadows, just as there are none on a foggy day. We should walk the 
earth like Peter Schlemeil, the shadowless man of the German fable. 

The nest picture (pi. 3, fig- 2) illustrates the opacity of ordinary 
window glass to ultra-violet radiation. It will bo noticed that there 
is no trace of the landscape seen through the glass window, although 
it is clearly rendered in the companion picture taken with visible light. 
Another difference to be noted in these pictures is that tho flower* In 
the garden, which are wtute b the picture taken with visible light, 
disappear entirely in the picture taken by means of the ultra-violet 
radiation. The white garden flowers become almost black, as is 
shown In plate 4, figure 1, which shows white phlox photographed by 
visible and ultra-violet light. It occurred to mo that this ability of 
the while flowers to absorb tho ultra-violet rays might play some 
economic part in the growth of tho plant. I therefore experimented 
with some flowers ’which had been grown under glass, and had thus 
been deprived of ultra-violet, but I was unable to find any marked 
difference between those which had been grown in the open and 
othera which had been deprived of I heir full quota of f lii<t radiation. 
It is possible that if the experiments were carried on through tho 
course of a number of generations, we should find a difference, I 
have found, however, thol all white flowers are not equally dark when 
photographed with ultra-violet light. White geraniums, for example, 
come out much lighter than common white phlox, which is practically 
black when photographed through Lbe silvered quartz Jens. 

In order to demons train the difference in the appearance of ono of 
the commou pigments when viewed respectively with visible light and 
with ultra-violet redial ion, some letters were painted in Chinese white 
on a page of a m a g azin e. In the photograph (pL 4, fig. 2} taken with 
visible light the Chinese white appears os white as the paper Itself, if 
not indeed whiter; but, photographed with the ultra-violet radiation, 
it comes out- absolutely black. One may say that what is Chineae 
white in visible light becomes Japan black in ultra-violet. Under 
tills radiation also black printer's ink becomes lighter than in visible 
light. Tliis failure in the reflecting capacity of Chinese white is a 
source of some annoyance in reproducing drawings executed in part 
in this medium, as has been pointed out by Mr, A. J. Newton. In 
working with my Chinese white I made a mistake in one letter in tho 
word “appears," anti carefully wiped it out, leaving no trace of tho 
387M*— an 1011-11 
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correction discemebk in visible light; but when the photograph J« 
made with the ultraviolet, the erasure, otherwise invisible, showed as 
a black smudge. The ultra-violet camera is evidently very much 
more sensitive than tho eye to the presence of traces ot Chinese ^hue 
nti the printed page, for so far as I could sec every particle of the 
pigment had bee n removed- mother this baa any bearing upon the 

detection of forgeries has yet to be discovered. . . 

Another class of work in which this comparative study is like j 

J7.ZL l tb. ptou*r.pl.j of «WtiJ hHta. f« a. WU 

„ imn t u a evmisure through the silver screen was two minutes >1111 
ultra-violet light belonging to the region 3000 to 3200. This IrmgtU 
of exposure necessitated an equatorial telescope with some nw <* 
driving it to compensate for the moon’s movement. Tho support for 
mv telescope was the framework of an old bicycle minus the "kids. 
This carried a 4-inch refractor and a quartz-silver telescope, and by 
STo^tion of a littk screw it was possible to fol ow the = 
accurately for half an hour. It will be aeon at once (pi. 6) ihat there 
is verv little difference between the ordinary imago of the moon ami 
the one winch is shown us by the ultra-violet radiation. N ever theirs 
m the neighborhood of Aristarchus, which is the brightest crater on 
the lunar surface, the photograph taken with the ultra-violet rays 
shows a dark patch which is absent on the one taken with visible 
Unlit I made an enlargement of the region in which this crater 
appeals and it is evident that there is in its neighborhood a large 
deposit of some material which can only he brought out by means of 
the ■ultra-violet. Three photographs of the moon make it appear 
extremely probable that by coming on experiments of this nature 
on a larger scale we might gel ft good deal of new information as to 
the materials, of which the moon is composed. It is poamble iu 
e\amino the igneous rocks of the earth under tho different radiations, 
and then compare the m with the pictures of celestial objects obtained 
at the same wave-lengths. I have found that some rocks, which when 
illuminated by ultra-violet rays appear darker than others, are lighter 
than the others in visible light. 


(N’dCt added Ctalobtu. 191L] 

[I have had constructed a Id-inch mirror of 26-feel focus which 
I have coated with nickel, for extending tho study of the ultra¬ 
violet photography of tho moon and planets. This is now being used 
in combination with a plate of the new ultra-violet glass, 12 centi¬ 
meters square and 1 millimeter thick, heavily silvered. The plate 
was made by Zeiss, and I find that it is quite as transparent os quartz 
for the revs transmitted by the silver filter. This reflector was 
mounted on the 23-inch equatorial of Princeton University, and 
aomo very fair pictures hove been obtained, though the moon’s motion 
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in doeImadi>fj could not be* fallowed with HUfficient accurac^v to 
secure the brat results. Figure 7 (pL 5) shows two views of the 
region around Aristarchus [indicated by an arrow), one mado with 
yellow, the other with ultra-violet light. The dark deposit to lIib 
right of the bright crater conics, out vciy clearly in the latter- The 
markings to the right of this region are quite different in the two 
pictures. Immediately below the pictures of the moon arc three 
photographs made of two samples of volcanic il fuff" arranged one 
upon the other,, with the crater Aristarchus marked with white chalk 
(us a check upon the exposure). The left-hand picture was made 
with yellow Jigbf, ami the central specimen is lighter than the one 
surrounding it* The right-hand one was made with ultra-violet, 
and shows the central specimen distinctly darker* The middle 
picture was taken with violet light, which shows the two specimens 
nf very nearly the same luminosity. I made an analysis of the 
fragment of tuff which photographed dark in ultra-violet light, and 
found that it contained iron and traces of sulphur. Photographs of 
rocks stained with iron oxide did not show the required peculiarity, 
and I accordingly alt ributed Lhe result to I he sulphur. A light deposit 
of sulphur was formed on the surface of a piece of light-gray rock by 
directing a lino jet of sulphur vapor Against it* The deposit was so 
slight that absolutely no trace of it could he detected by the eye. The 
specimen was then photographed with yellow, violet, and ultra¬ 
violet. light, and it was found that the deposit was quite invisible in 
the first picture, faintly visible in the second, and quite black in the 
third precisely the peculiarity shown by the deposit surrounding 
tile crater Aristarchus* Plate G + ci ( 6, c, show the gradual appearance 
of the deposit, which is an oval s|hjL in the center of the specimen, I 
fed inclined* therefore, to attribute this spot to an extensive deposit 
of sulphur, resulting from vapor ejected from the crater* Tim shape 
and vast, extent of the deposit bos always suggested to me that it 
resulted from material driven out in a volcanic blast-] 

Returning now from the moon to the physical laboratory, we will 
consider a further phenomenon; which has been discovered and studied 
by means of photography in the ultra-violet region,. The vapor of 
mercury has an absorption baud in this region at wavelength 2536, 
which l havo made the subject of a somewhat extended investigation. 
At low pressures the lina is very narrow, resembling one of the D 
lines of sodiLinn, and I have detected its presence in mercury vapor 
at room temperature by employing a tuba 3 meters long closed with 
quartz plates. It occurred to mo that this vapor might prove to 
be the suihstanca which 1 have long sought for the study of what 1 
hnva named resonance radiation, i.a., a re-amission of light hy absorp*- 
ing molecules, of precisely the same wave length as that of the light 
absorbed* Sodium vapor was found to exhibit the phenomenon, 
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but tho experimental difficulties were su great that very little was 
accomplished. A email box wis inudo of braid ami squaro plates of 
quarts. Tiie inside was varnished and blackened with soot, a drop 
of mercury introduced, and tho box exhausted. The camera with itd 
quarts objective was now trained on the box, and n beam of Light 
from a mercury tamp (quarta) fen-used at the center of tho box. 
Though the eye could see no trace of the cone of rays, tho photograph 
brought it out os distinctly as if tho box was full of smoko. An ex¬ 
posure of only S second was necessary, and with a lO^second expo¬ 
sure llic spectrum of tho light scattered by the vapor was secured. 
It was found to consist of a single lino only (the 2,536 lino), though tho 
light entering the Ik>x was tho total radiation of the mercury arc, tho 
spectrum of which contained hundreds of lines. The pressure of tho 
mercury vapor was about 0.001 millimeter, in other words, 
of the pressure of tho air in ilia room. It seems most extraordinary 
that a vapor at such a very low pressure and at the temperature of 
tho room should glow so brilliantly with invisible light. A little fur¬ 
ther experimenting resulted in a further discovery. It was found 
that if the box was filled with air at atmospheric pressure, the cone 
of rays glowed feebly in the mercury vapor with which the air was 
Saturated. As the pressum was reduced theglow increased in brilliancy 
reaching its maximum at a pressure of about 5 millimeters. As the 
exhaustion was pushed further the mereuiy vapor outside of the 
cone became luminous, and at the highest vacuum attainable the glow 
fllieri the onl ine box- This ia secondary resonance rad bit ion excited 
by the primary radiation of the mercury vapor, which is excited by 
the cone of focused rays. Tho brilliancy of tho cone remained about 
tho same, so that wo cun not attribute the bursting out of this sec¬ 
ondary fluorescence to a more increase in the brilliancy of the directly 
excited vapor. 

Experiments are now in progress to determine why the presence of 
a few mi l l i m eters of air destroys all trace of the secondary radiation. 
Photographs of the glowing vapor in air at pressures of 5 millimeter, 
1 millimeter, and 0 are reproduced in plate 6, d, e,/ 

Jf we pul. tho drop of mercury in a small flask with very thick 
walls, exhaust tho air, and seal the neck of the flask with I ho oxy- 
hydrogen flame, we are in a position to study this interesting type 
of radiation in mercury vapor at. high pressures. I found that as 
the temperature of the flask was raised tho radiation came from a 
region nearer and nearer tho front surface, which was illuminated by 
tht rays from the lamp, and that when the pressure tv as about 10 
atmospheres the ray from tho lamp, which bad a wave length of 
2536, was selectively reflected from the surface of the vapor, pro- 
r[>e!y as if the inner surface of the bulb were plated with si] rer. Tho 
Other rays passed tlirough the bulb with their usual facility. I am 
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at the present l hue engaged In the study of just how the change 
from tli 0 resonance radiation (which, is scattered m it II directions) to 
the Tegular reflection takes place, a matter of great interest hi con- 
nee lion with the theory of absorption and reflection. As it maker of 
fact, I expert it to turn out that the mercury light does not absorb 
the light at ell, for experiments indicate that the Intent! emission of 
the dim-violet light is about an bright as when white paper is used 
to scatter the light < 

Another interesting line of investigation width I have recently 
curried out illustrates how new discoveries may he made by the aid 
of ultra-violet photography. It occurred to me that tho air sur¬ 
rounding an electric spark might possibly be rendered fluorescent by 
the absorption of the very short ultra-violet waves discovered by 
Schumann, but that the flduresoenco might bn made up wholly of 
ultra-violet light and consequently invisible, X therefor© photo¬ 
graphed the region surrounding a powerful spark discharge with a 
quartz lens, shielded from the direct light of the spark by el circular 
disk. The photograph, when developed, showed a highly luminous 
aureole surrounding tho spark and extending out in all directions to 
a dial ante of nearly 2 centimeters. It was now necessary to prove 
that this wan not light scattered by the dust particles in the ah. To 
do this we have only to protograph the spectrum of the aureole. If 
it k similar to the spectrum of the spark we are safe in attributing 
it to Scattered light. It it differs we know that it must be fluores¬ 
cence, or the genesis of waves of different wave length from any pres¬ 
ent in the light of the spark. A photograph of tho region surround¬ 
ing the spark was made with a quarts spectrograph, and it was at 
once found that the spectrum was wholly different from that of the 
spark; in fact, it was almost identical with that of tho oxy-hytlrogeu 
flame. For tho further study of tho phenomenon, a piece of appa¬ 
ratus was devised by which the light of the spark could be more effec¬ 
tual lv shut off. A small hole was bored through a plate of aluminum 
fastened to the end of ti short vertical brass tube. This [date formed 
one electrode, the spark passing between an aluminum rod lying 
along the axk of the tube and tho underside of the plate at the point 
perforated by the hole. 

In h perfectly dark room, If the eye was held a lit lie below the 
plane of the pi ale, no luminosity could bo seen hi the air above the 
hole, if it was reasonably free from dust, yet a photograph taken with 
u quartz lens showed a bright beam, ur squirt, of light ksuing from 
the hole. A photograph of the phenomenon k here shown, and you 
will notice the strong resemblance which it hcEir^ to a comet {pi G t p.h 

Many weeks have been q>ent in an attempt to determine the 
exact origin of this radiation, and the question has proved to be the 
most baffling one which X have ever attempted to solve. The work 
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k still in progress, and many remarkable observations have been 
nnifk, tot’h one leaving us more in I he dark than before. As an Illus¬ 
tration I may mention a circumstance discovered by Dr. IlcnisaWh 
Iiml myself last winter in Pam. We found that if a jet of air was 
blown through the squirt of light, the luminosity was destroyed in (lie 
region traversed try the moving current of air, but was of mi dimin¬ 
ished intensity both above anti below this region. This makes it 
scent as if the emanation which comes from the spark, and which 
causes I ho luminosity of tins air, must act for a brief time upon the 
tiir ill oilier to cause tho luminosity. It also shows that the emurm- 
lion, whatever may be its nature, is not swept aside by the air current. 
Wo have also found that other gases become luminous when sub¬ 
jected to the spark emanations, the spectrum in each case being 
different and peculiar to tlm gas used, electrolytic hydrogen, for 
example, giving a st rong luminosity. 

it is thus apparent that by employing this “photographic eye" of 
quartz many new phenomena may be brought to light which have 
previously hidden themselves behind the limitations of the human 
eye. A study of the absorption by tlm candle-dame of ultra-violet 
has also been made. In this ease the light emitted by the candle 
falls out of the problem, for its flame emits little or no ultra-violet 
1 can show you a photograph of the shadow cast by a flame of this 
description, and you will observe that the shadow is blackest at the 
pomL where tire flame is brightest, that b, at the point where the 
minute carbon particles, which, hy their incundeseenco, cause the 
luminosity, are being set free from the hydrocarbon vapor. 

There are other questions which can doubtless be investigated to 
advantage by moans of ultra-violet photography. It is wolf known 
for example, that the amount of nitre-violet light emitted by a bodv 
increases with the temperature. By photographing groups of stare 
through the quartz silver filter, and comparing tho photometric 
intensities of the images obtained in (Ms way with the intensities 
us shown on a plate mode by means of yellow light, valuable data 
might be obtained. Thus method b merely an extension of one 
wroady m use uL die Hamrd Observatory. 
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By JosELin W. EfOHASD*, 
PtafiuMct of MtiaUu^ } Utiigh Uniitrwiiy. 


My theme is to depict for you, ils clearly as I may be able* the part 
which di^trochemistiy is playing m modem industrial process^ 
I have no exlmuat i ve catalogue of elec trod tended processes to present, 
nor columns of statistics of these industries; but my object will be 
to classify the various activities of eject roc he mists and to anaivze 
the scope of the electrochemical industries. 

SCOPE OF FXECTftOClIEillSTRy AND ELECTEOMETAt.l.CKG 1 \ 

*' Vitftritsfry h the science which investigates the cmnposition of 
h ubalances and studies changes of couij>osition and reactions of 
subalances upon each other. As ail applied science, it cicala chiefly 
with the working over of crude natural material, anil its conversion 
into mate valuable and more useful substances* 

Some common examples, to illustrate this statement, are the 
conversion of native sulphur into sulphuric acid, the manufacture of 
soda and hydrocldoric acid from common salt, the con version of 
phosphate rock into superphosphate fertilize^ etc. Several pages 
would not suffice to merely catalogue the great variety* of chemical 
Industries; immense amounts of capital are invested in them and 
they are some of the most fundamental industries in their relation to 
supplying the needs of a rapidly advancing civilization. 

MttaUurptj is the art of extracting metals from their ores, and of 
purifying or refining them to the quality required by the metal¬ 
working industries. It is a branch of applied chemistry. The 
metallurgical industries form a highly important part of our national 
resources; on them we depend for iron, steel, copper, brass, gedd, 
silver, lead, zinc, aluminum, etc,, in fact for all the supply of metals 
used in arts and industry. 

Ekdrochemistry is the art of applying elect rival energy to facilitate 
ing the work of the chemist. It Ls chemistry helped by electricity. 
It is the me of a new agency in accomplishing chemical operations, 
and it has not only succeeded in facilitating many of the most difficult 
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and costly of chemical reactions, but it ho* In many cases supplanted 
tbom by quick, simple, ami direct methods; ir lias ©Ten, in mam 
cases, developed new reactions and produced new materials which 
are not otherwise capable of bring made. A few examples will 
illustrate these points: Caustic soda mid bleaching powder are made 
from common, salt by a series of operations, but tho electrical method 
does tins neatly and cheaply in practically one operation; lime and 
Carbon do not react by ordinary chemical processes, hut in the elec I ric 
furnace they react at once to form the valuable and familiar calcium 
. carbide; carbon a Lays carbon except when the intense heat of the elec¬ 
tric f» mace converts it in to art iliciu I gra phi te. Tho list of auch opern- 
hone is a long one, and it may be said that the chemist has become a 
much more highly efficient and accomplished chemist since ho became 
uu electro chemist, uud he U becoming more of an elcctrochcmist daily. 

EUctromtteUurtn applies electric energy to facilitating the solution 
of the problems confronting tho metallurgist. Its birth is but recent, 
yet it has rendered Laval liable service; it has made easy some of the 
moid difficult extractions, bus produced several of Lho metals ut a 
small fraction of their former coat, and has put at our disposal in com¬ 
mercial quantities and at practicable prices metals which were formerly 
unknown or else mere chemical curiosities. It has, further, refined 
many metals to a degree of purity not previously known. Tho metal¬ 
lurgist is rapidly appreciating the possibilities of electrometallurgical 
methods and they already form a considerable proportion of present 
metalliErgicul practice. 

Applied electrochemistry, covering in general idl of tho field 
just described, is therefore an important part of chemistry and 
metallurgy, and is rapidly increasing in importance. It is a new 
art, people are really only beginning to understand its principles 
and to appreciate its possibilities; it is an art pursued by the most 
energetic and enterprising chemists, with tho assistance of the 
most skilled electricians. Some of its most prominent exponents 
are electrical engineers who Imvo been attracted by tJw vast possi¬ 
bilities opened up by these up plications of electricity. Tho cheat- 
kts have worked with dectridly like children with a new toy, or « 
boy with a new machine; they have had the novel experience of 
seeing what wonders their newly applied agency could accomplish, 
and It IS no exaggeration to say that, they Imvo astonished the 
world—arid thtiiiLsdvca, 
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I 

Electrolytic apparatus and processes use or utilize the separating 
or decomposing power of the electric currant. Whenever an 
electric current is sent through a liquid material which hi compound 
in its nature, I, o., a chemical compound, the current tends to decom¬ 
pose the compound Into two constituents, appearing respectively 
at the two points of contact, of the electric-conducting circuit with 
the liquid in question, h e* # at the surface or face of contact of the 
imdecuinposable conducting part of the circuit with the decompos¬ 
able part. If ilia current lias a definite direction the constituents 
appear at definite electrodes. The action Is simply the result of 
the current extracting (or tending to extract) front the electrolyte 
one of iu constituents at each of the two electrode surf aces. All 
subsequent changes following upon this primary tendency of the 
currant are rolled secondary reactions, and are practically simul¬ 
taneous with tho primary. These may even l>c regarded as truly 
primary reaction* also* t he primitive decomposing or BepsmUing 
power of the currant passing being regarded only as a tendency 
or a determining cause which practically results in the reactions 
actually taking place* 

This agency is an extremely vigorous and potent force for produc¬ 
ing chemiesd transformations. It enables us, for instance, to split 
up some of the strongest chemical compounds into their elementary 
constituents, to convert cheap materials into much more valuable 
derivatives, to purify impure materials, in short, to perform easily 
some very difficult chemical operations and in some cases to perform 
chemical operations otherwise impossible* A description of all 
these various processes would take a volume, but a short explanation 
of a few of them will make tho principles clear and suffice for my 
present, purpose* 

Ekclrohjsi# of water.- — A* a raw material, water may bo said to 
cost nothing* Apply an electric current to it. in tho proper way, 
and it is resolved into its constituent gase*, hydrogen and oxygen, 
as deanly and perfectly a* anyone could desire* These ga^cs have 
many and various usc-h, and are valued each at several cent* per 
pound* A whole industry has thus grown up, based on the simple 
electrolysis of water, to supply these two gases for various industrial 
Uses* Europe possesses many of these plants; there are a few in 
tho United States. Tho speaker has translated from tho German 
a small treatise on lids industry. 

Electrolysis of mU ^Common suit, sodium cldoride, is one of 
the cheapest of natural chemicals. It, hag some uses of its own, 
bui centuries ago chemists and oven alchemists devised chemical 
processes fur transforming it into othnr sodium salts, such as caustic 
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soda nr soda lye for u^o in soup* soda ash or curbonttLOj for washing 
or glassmoking, and into chlorine bleaching materials. Chernies! 
works operating these rather complicated chemical processes exist 
on an immense scale in idl civilized couniri^; it is climated that 
550,000,000 is thus invested in Great Britain alone. The electrolytic 
alkali industry is barely 20 years old, yet it is already mere than 
holding iU own with rhe older chemical process, and advancing 
rapidly; 20 yea is mom will probably ace the older processes entirely 
superseded—they am at present fighting for their existence. As 
for the electrolytic process, the salt is simply dissolved in water 
and by the action fit she current converted into nun tie soda at one 
elect rode and chlorine gas at the other. By some special devices 
these are kept separate and eaUeciod by themselves, and the work 
is done. The principles involved arc simplicity itself as compared 
with the older chemical processes, the only agent consumed is electric 
energy, and the products aro dean and pure. 

Chloratt’S .—These are salts used on matches and in gunpowder* 
ndorate of potassium is a valuable salt with important uses. Ji is 
made from common cheap potassium chloride, iri solution in water, 
by Pimply eleci rolyzilig the elution without trying to (separate the 
proiliu-H forming at. the elect redes, It is a simpler operation than 
the production of el ect roly tic alkali, Chlorate thus forms in the 
warm solution, and is obtained by letting the solution cool and l he 
ohlomte ciyetallize out. The ordinary chemical manufacture of this 
salt was tedious and dangerous; the electrolytic method lias practi¬ 
cally entirely superseded it* 

Purehl&raks. —These sails hmve more limited uses, but are made by 
expensive chemical methods. The electrolysis of a chlorate solution 
at a low temperature, without separating the products formed at the 
two electrodes, results in the direct and easy production of perchlo- 
Hiii'S, I cite tliis more to illustrate whnt I might call the vematilily 
of the electrochemical methods! rather than because of its commercial 
importance* 

Metallic sodium—Th^ caustic soda produced from salt can itself be 
electrulyticnlly decomposed; this is the easiest way of producing 
metallic sodium. Sir Humphry Davy discovered sodium by electro 
lyzing melted caustic soda, and at this moment several large works 
are working his method on an immense scale. The caustic contains 
sodium, hydrogen, and oxygen, and the current simply liberates the 
sodium as a molten metal and frees the other two as gases winch 
escape into the air. The process is simplicity itself—when the exact 
conditions are known and rigidly adhered to. Metallic sodium is a 
vriy useful material to the chemist, and the elect rely tic method 
produces it at probably one-fourth the cost of making it in any purely 
chemical wav. 

M 
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—-This is a wonderfully light metal, whose chief use i* 
in flashlight powders, Its compounds are abundant In null ire, but 
its manufacture by any other than the elect roly tie method Li almost 
impracticable* The operation consists in simply passing the decom¬ 
posing current through a fused magnesium salt—a chloride of 
magnesium and potassium found in abundance in German}'. 

Aluminium —Tire most useful of the light metals; an dement more 
abundant In nature than iron, yet which costs by chemical methods 
at least §1 per pound to produce; dectrochemiatiy enables the 
makers to sell it at u profit at $0.25 per jocund. This is probably the 
most useful metal given to the world bj~ electnrehemistry. Although 
the French chemist Dev die obtained it by an electrolytic met hod in 
1855, yet lie had only the battery as a source of electric current > ami 
the process was too costly. This very city of Pitt sburgh was the real 
cradle of the electrolytic manufacture of aluminium, when in 1880 
Hr. Charles M. Hall, with the financial assistance nf the Mellons and 
the business assistance of Capl. A. E. Hunt, commenced to work ids 
process up at Thirty-third Street on the West Side. The principle of 
the process is here again one of beautiful simplicity—when it is once 
made known* Aluminium oxide, abundant in nature, Is infusible in 
ordinary furnaces, but easily melts and dissolve*, like sugar in water, 
in certain very stable and liquid fused salts—double fluorides of alu¬ 
minium and the alkali metals. On passing the electric current 
through this bath, the dissolved aluminium oxide ie decomposed, 
appearing at the two electrodes as aluminium and oxygen, respec¬ 
tively. When all the oxide is thus broken up, more i* added, end 
the operation continues. One of the most difficult problem* of 
ordinary chemistry is thus simply p neatly, and effectively solved by 
electTOchemistry* The lower cost of power at Niagara Full* drew the 
industry away from Pittsburgh in J893 t ami it is now run on an 
immense scale at several places where water power is cheap and 
abundant. Mechanical power is, however, being produced cheaper 
every year; ga* engines have halved the cost of such power, steam 
turbines on exhaust steam may even do better; there is no inherent 
impossibility in the return of the aluminium industry to the Pitts¬ 
burgh district. Many other factor* besides cost of power bear on 
the question—cost of labor, abundance of labor, cost of carbon, coal 
for heating, various supplies, railroad freights, nearness to the con¬ 
sumers, and many other considerations must he taken into account* 
Aluminium is certainly destined to become the most important metal 
next to iron and steel, and, as far a* one can now foresee, will always 
be produced elect rochcmically* To have accomplished the estab¬ 
lishment of iliis one single industry would of itself hove proved the 
usefulness of electrical methods and their importance to chemistry 
and metallurgy. 
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Seining tif'tatfah.—Unless mckds are of high purity they are 
usually of very lit tty usefulness, Electrolytic met hoik enable almost 
perfect purity to be easily attained, and in addition permit ibe separa¬ 
tion at the same time of the valuable gold and silver contained in small 
amounts in the baser mot ok. Over Si00.000.000 worth of copper is 
eleetiieally refined every year in the Unit eel States; the metal pro¬ 
duced is purer than can be otherwise obtained p giving the electrical 
engineer the highest grade of conducting metal, while several million 
dollars' worth of gold and silver are recovered which would otherwise 
have to be allowed to remain in the copper. Again, the method is so 
simple that but a few words are necessary to set it forth in principle* 
The impure copper is used as one elect rode—4he anode—in a solution 
of copper snip]]ate containing some sulphuric avid; the receiving elec¬ 
trode—the cathode—is a thh sheet of pure copper, or of lead, greased. 
The electric action causes pure copper only to deposit upon the cath¬ 
ode, if a properly regulated current is used* while a corresponding 
amount of met al is dissolved from the anode. Silver, gold, and plati¬ 
num are uudksolved, and remain as mud or sediment in the bottom 
of live hath; other impurities may go into the solution, but are not 
deposited on the cathode if the current is kept low. The cost of this 
operation is small, and the results are so highly satisfactory that 90 
percent of all the copper produced is I bus refined^ Similar methods 
are in use for refining other metals, silver, gold, and lead are thus 
refined on a large scale; anrimnny, bismuth, tin, platinum, zinc, and 
even iron rim he thus refined; the field is very inviting to the experi¬ 
menter and to the technologi-sl, and is rapidly be reusing in industrial 
Importance* 

Mddl plating *—AH electroplating h done by the use of electrolytic 
methods similar to those just described. If we imagine the impure 
metal anode replaced by pure metal, and the receiving cathode to be 
the object to be eliTiroplatcd. we have h< fore us the electroplating 
bath ready for action. Everybody knows the value and use of gold* 
silver* and nickel plating; less well known arc platinum, cadmium* 
chromium, zinc, anil bronze plating. These arc among the 

oldest of the electrochemical industries. Elect retyping is only a 
variation of this work; also the ebtdrolytie reproduction of medals* 
engravings,, cute* etc., and even the production of metallic articles of 
various and complicated form*, such as tubes, needles, mirrors* vases* 
statues, etc. Thu speaker lias translated from the German a mono¬ 
graph concerning these k.st-named uses of the elect rie current* There 
ia opportunity liere to Imrdly more than catalogue these various 
branches of eleetrumotallurgiail activity- Pittsburgh people will be 
interested* however* m knowing that many of the newer buildings in 
this city contain thousands of feet of electrical conduits zinc plated 
in splendid fashion by cIccLroly^k* at a works within u few miles of 
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this city* At McKeesport tubes arv routed on mi Immense scale, 
by dipping into melted mn\ hut the electrolytic method is gaining a 
foothold., and we may live to see all galvanizing in reality practiced 
as it is spelled. The removing of metallic tin from waste tin scrap is 
also accomplished cm a large Bruin by the application of similar prin¬ 
ciples* Jt is bring operated at a distance from Pittsburgh, but your 
open-bearlh furnaces use up annually thousands of ton* of the scrap 
eted thus cleaned and saved for rcmnnufachirG into useful, shape. 

Without having mentioned or described, more than a fraction of the 
dec truly tic methods iin actual industrial use. I hope that 1 have made 
clear the importance and extent of ihis kind of electrochemical proo 
esses. Assuming this, wo will pass to llie consideration of another 
entirely different and yet important class of apparatus and processes* 

IL 

Electric arcs and high-tension discharges through gases are capable 
of producing some chemical compositions and decompositions which 
are very useful and profitable to operate. This fc a branch of electro¬ 
chemistry which has not been as thoroughly studied as some others, 
its phenomena nra not as thoroughly under control as electrolysis and 
electrothermal reactions, and its possibilities are not as thoroughly 
understood or utilized* 

Ozone is being made fiom air by the silent discharge of high-tension 
electric currant* The apparatus is so far simplified as to be made in 
small uni Is suit able for household use, ready to attach to a low-tension 
alternating current mipjdy. The uses lor the ozone thus produced 
are particularly for purifying water and air. It makes very impure 
water perfectly safe to drink and purities the air of assembly hulls 
and sick rooms, acting as an antiseptic. According to all appear- 
an cess P this electrochemical doubling up of oxygen into a mom efficient 
oxidizing form is developing into a simple and highly efficient aid to 
healthy living, 

Riirk add is an expensive add made from the natural alkaline 
nitrate salts, such as Chili saltpeter, These nitrates are the salvation 
of the agriculturist, for they furnish the ground with the necessary 
nitrogen winch plants can assimilate. The Chili nitrate kings’ 7 
have gained many millions of dollars, even hundreds of millions, in 
thus supplying the world's demand for fertilizer* But electro¬ 
chemistry has another solution to this problem, which is rapidly 
rendering every country which adopts it independent of the foreign 
fertilizer* The air we breathe contains tmcomblued nitrogen and 
oxygen gases, which, if combined and brought into contact with 
water, furnish the exact constituents of nitric add. The way to do 
this has been laboriously worked out* and the electric arc is tha agent 
which does it* Air is simply blown hi to the electrie arc, where It for 
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„„ instant partakes of tin? enormous temperature, and on Wvipg the 
art is cooled as quickly m possible. In the are the combmaton of 
nitrogen and oxygen is effected to a certain extent and the mix hire 
U cooled so suddenly that it does not find Lime to disunite. The 
nitrogen oxides thus obtained are drawn Lhraugh water, and Hu* 
elution of nil t ic add is run upon soda to produce sodium nit rate or 
on lime to produce Calcium nitrate, the latter called mtroi.rnr or 
“Norwegian saltpeter." Those salts entirely replace the S,>uth 

American natural salt. , (1 

The materials used in this industry are mr and lime, and io these u 
fll j,l r d elect ricoi energy. Air is universal, lime cheap almost every¬ 
where, and electrical energy is cheapest where water powers are most 
abundant In Norway water power can bo developed and electrical 
energy supplied from it at a total cost of S l to $S per horsepower year. 
Seme other countries can do nearly as well. Under these condemns, 
,dmost everv country can afford to make Hs own nitrates and so be 
independent of other countries for the fertilizer needed m peace and 
the gunpowder used in war. Norway felicitates itself already ort 
fain'* thus independent. Nearly 200,000 horsepower is being utiliaed 
tlicre by a *15,000,000 syndicate, and the industry is spreading 
rapidly over Europe- The eludy of this problem, its solution, and 
the rapid development of this vigorous industry, i-s one of the most 
remarkable chnptcre in the history of recent industrial development, 
In (his accomplishment electrochemistry lias signally aided the agri¬ 
culturist and demonstrably multiplied the food-supply resources of 
uli civilised and highly populated countries. 

Boron in on element which has until recently defied the best effort* 
td chemists to isolate in a pure state. It is an dement which may 
lmva important application in the manufacture of a high-class special 
steel— boron steel Dr. Weintraub, one of our fellow mernbere, has 
recently solved the problem of its production by an adaptation of the 
“oxygen-nitrogen'* arc apparatus and utilizing the same principle 
of introducing tha material into the arc and very rapidly cooling the 
products obtained. Wo mention this not because of its great commer¬ 
cial importance at present, but because itslmws how the "ore method " 
may bo of wide application in solving other difficult chemical prob¬ 
lems. 11 h ns opened before us a new method in chemical science, an d 
may give birth to many and various new chemical industries. 
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Electric furnaces are furnaces in which the necessary boat 
degree of temperature is produced or attained by means of electrical 
enetgy, Tho electric current is used in these furnaces solely for its 
heating or thermal effect, and either alternating or direct current may 
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be used, but alternating k preferred because of its easier generation 
and management, capability uf being stepped up or down by trails- 
formers, and absence of electrolytic effects. 

Electric furnaces render remarkable and highly valuable service to 
the chemist and metallurgist^ for two distinct and unique capabilities; 
they can generate heat within themselves without the use of combus¬ 
tion and the consequent products of combustion to complicate the 
working of the fumace p and they can be-nuies, if desirable, produce 
temperatures absolutely unapproachable In furnaces using fuel, and 
thereby enable the currying out of operations only posable til these 
extremely high temperatures, The upper limit of electric furnace 
temperature is simply the volatilising point of carbon, the tempem- 
ture ist which the mat™til of which the lining of the furnace is made 
k boiled away. This is about 3,700° C. or 0,700° F* Tho simple 
atatement that this k three times as high as the melting point of ca^fc 
iron may give some notion of the enormous temperature hero at one's 
command. Besides iutenso temperature, the efficiency of application 
of electrical heat to tho useful purpose k usually high; in many eitses 
50 to 75 percent of all tho hent developed can be usefully iipplied, as 
against 5 to 50 per cent utilised in fuel-Jired furnaces. The heating: 
value or thermal equivalent of tho electric current is perfectly di fi¬ 
nitely known; 1 kilowatt-hour will furnish S30 calorics (3,400 B, t. u.) M 
which if applied usefully at 1(H1 per cent efficiency would bring to 
boiling and convert into steam 1,35 kilograms (3 pounds) of water, or 
bring to melting and molt about 3 kilograms (7*5 pounds) of cast iron, 
or 2.5 kilograms (5*5 pounds) of steel. 

Artificial graphite is a product particularly electrochemical in its 
manufacture. Your fellow townsman, Dr. E. G. Achcson, hm prac¬ 
tically created this industry and hla name sticks to the product— 
Achrsan graphite. No temperature but that of tho electric furnace 
can convert the ordinary amorphous carbon, containing small amounts 
of foreign substances, into pure, soft, homogeneous, unctuous 
graphite P The purity of the product and its quality has oven sur¬ 
passed the artifice of mother nature herself. Whereas, before, graphite 
m email scales was laboriously gathered from Ceylon and Siberia, 
and with great pains worked up into graphite articles, now tho articles 
are simply molded in ordinary impure amorphous carbon, and con¬ 
verted through and through, retaining their shape, into finished and 
complete graphite articles. What this highly pure product is going 
to do for lubrication, for annihilating the friction of the world’s 
machinery, perhaps only a few suspect and only Mr. Acheson knows. 
You will all know more about this Boon, and everyone of you who 
uses machinery wiII profit by it, Meanwhile, in another direction, 
probably half the electrochemical industries now operating ara bene- 
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m&j* n f this invention, using artificial graphite anodes in electro- 
inic operations or an electrodes in electric furnaces. The electro- 
chemical industrym general Inks been most wonderfully helped by 
this one electrochemical proCMs, 

Carbonmdvm stands for a largo indusUy, cent wed at Niagara 
Falk, and founded also by Mr. Acheron. Twenty years ago the name 
tfdfl n ot in tbo dictionary; no* It is known all over thu world fit *He 
most efficient abrasive material in use. First produced just across 
tbe Monongabela, in a fittlo fumttco as large aa a cigar box, and sold 
for polishing diamonds at many dollars per ounce, it is no w made by 
tons in electric furnaces of 2,000 horsepower (opacity, and compotes 
successfully with such common natural abrasives ns emery and com¬ 
mon sand! And in fact, common silica sand, tho most abundant 
material on earth, with common carbon, like coke, furnish all the 
ingredients neccasarv for the furnace to work upon to produce SlC 
(silicon carbide). Mr. Acheson not merely founded another new 
industry but he discovered a new chemical compound; lie lots 
enriched science, promoted industry, and created new inst ruments of , 
sendee- no wonder that his scientific friends have showered on him 
honors—the Eumford Medal, the Perkin Medal, and two years ago 
the presidency of this Electrochemical Society. 

Silicon metal whoso oxide is silica sand, and is by far tho 

most abundant metallic element on earth. Up until very recently it 
was to bo seen onlv m chemical museums, coetly and useless—a 
chemical curiosUv. Now Mr. F. J, Tone, one of Mr. Acheson's former 
lieutenants, is producing it by tho ton and selling it by tho carload at 
a few cents per pound. Tho chemical world has found uses for it, 
litr^e uses, such as in solidifying steel, making good copper cartings, 
reducing other metals from their oxides, chemical "pots and pans, ' 
etc. This illustrates again the variety of the achievements of electro- 
chemist rv. Here is a new material furnished the world at a low price 
and all sorts of workers are finding ail sorts of advantageous uses for 
it. The electric furnace makes it from simply sand and carbon, with 
electric energy plus considerable "brains. 

Calcium carbide is the product of another American invention. 
The name was scarcely in the chemical books, and the purveyors 
of the rarest chemicals did not have it on their lists, when Mr. Thomas 
’Willson, trying to make something eke in the electric furnace, made 
this compound from ordinary lime and carbon, and started an elec¬ 
trochemical industry which has spread all over the civilized world, 
f am almost tempted to say that there is a calcium carbide works 
everywhere hut in Pittsburgh, but that would really be an exaggera¬ 
tion! and I will not say it. The best thing about calcium carbide is 
that it is easy to make; the raw materials may be found almost 
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erotywhcre, and wherever power is cheap a flourishing calcium car¬ 
bide industry may bo built up. The curious thing about it is that its 
chief use is based on destroying it p acting upon it by witter and form¬ 
ing' acetylene gae. How great u boon acetylene gas has been to the 
bievclbt r automobilel, for lighting trains, no luted houses, stations, 
and towns needs no recital before this a mil cnee, but the value of 
acetylene ns a means of welding with the blowpipe is only commencing 
to be appreciated. Acetylene welding Is a convenience which owes 
its existence entirely to the electrochemical production of calcium 
Carbide, ami the iron and steel and other metal industries are being 
greatly helped by its use. 

ZTtamum airbide is not m fauniliar as calcium carbide. It b made 
in a manner similar to the product ion of carborundum, using titanium 
oxide (rutile) and carbon. It has no uses similar to calcium car- 
bidet nor any like silicon carbide. But electrical engineers have 
discovered that ns arc-light tips or electrodes it gives the most elJidont 
arc light yet discovered, with a light efficiency running up to 3 candle- 
power per watt of electrical energy This is probably SO per cent of 
the theoretically jiussiblo conversion of electrical energy Into tight 
energy, mid is doubly m efhcicnfc as has ever before been attained. 
What thb means for street lighting everywhere b difficult to realize; 
perhaps the best and most easily understood comparison is Lo say 
that tbo titanium carbide are lamp is to the ordinary arc as the 
tungsten filament incandescent lamp h to the carbon filament lamp; 
you will all grasp the scope of that statement- With acetylene light¬ 
ing on one hand and titanium arc lighting on the other wo need 
say no more about the influence of elcc troche inis try on modern 
illumination. 

Phosphorus *—1 stated before that the potassium chlorate on 
safetv matches was oil being made electrochemical!}". We can say 
practically the same of pho^phoriu;. The electric furnace enables 
us to distill phosphorus much more easily and safely from the natural 
phosphates than the older chemical methods. Calcium carbide 
gives us acetylene gas, end another electrochemical f run ace gives us 
the phosphorus to "’strike the light. 

Farradlojfs are alloys of iron with the more expensive metals, 
used in manufacturing steels of various kinds. Ferromanganese 
is used in practically all steel, f&rrosUkon is used in almost oil. 
F^rrochromium, nickel, tungsten, molybdenum, boron, uranium, 
vaniiidium arc some of the alloys used to make the special alloy steels, 
such as find great use in rapid tod steel, automobile axles, armor 
plate, gun steel, etc. These alloys are "of great importance to the 
steel Industry, and are made almost exclusively in electric furnaces. 
The industry has flourished most in countries having cheap power, 
3S734 Q —bh HU!-42 
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such as among the French Alps, urn] the importations inic> this count* 
try have been on el large scale, Fortunately, wo are commeiicm^ at 
Niagara Falls, in Virginia, and in Canada to supply ourselves with 
these nocossiiL€ i s of the steel industry r and we may look forward to 
a steady and large domestic development of this industry. Within 
a few miles of this hall a small electric furnace is now at work making 
formtungstcu to go into expensive high-class steel, Pittsburgh is 
going to take its share in the running of this particular electrometal¬ 
lurgical hid dairy. 

Pig iron would seem to lie about the last item to find a place in an 
address upon the electrochemical industries. But the truth must 
"out"—elcctric-fumace pig iron is now 3icing made, nnd made and 
sold al a profit. We will hasten lo admit that the furnaces an? small, 
thiii they arc in California and Sweden, where fuel is expensive anil 
power is cheap, that a great deal of money has been sunk in bringing 
them to their present condition; hut after all has been admitted, the 
fact remains that electric furnace production of pig iron is not a 
chimera, but an accomplished fact. Pittsburgh lias been able to 
boast that she * f could manufacture a ton of pig iron and put it down 
anywhere in the world cheaper than it could be there produced/ 1 
That may be still true of the kind of pig iron which Pittsburgh 1* aide 
to make, but there are grades and qualities of pig iron (Swedish 
charcoal pig iron, for instance) which arc still imported into this 
country atid sold at double the price of our domestic pig iron. And, 
in the country where that charcoal pig is slowly, laboriously, and 
skillfully made, the electric shaft furnace is able to compete with the 
charcoal blast furnace in producing this high quality pig iron. Dr. 
Haanel, of the Canadian department of mines, has m a recent report 
given us the most reliable information about the running of this 
furnace* The construction is peculiar, and still somewhat experi¬ 
mental, the full power for which the furnace was designed has not 
yeL been available for running it, the workmen arc new to their tasks, 
Lha pvemcerB are still learning, the irregularities in the limning arc 
not yet all overcome, and ns arty of the minor details arc yet being 
adjusted* The furnace b still, m brief, decidedly in Lho formative or 
experimental stage* Yet, notwithstanding, Prof, Odelstjerna, one of 
the most expert of Swedish metallurgyLs, states that the cost of pro¬ 
duction is $1.50 per ton Iras than in the Swedish blast furnaces. If 
that is true now r it needs little gift of prophecy to figure out at least 
$2.50 per ten saving when Ihe furaoee is properly run. Three similar 
furnaces of greater capacity, 2 t 500 kilowatts each, are to be erected in 
Norway; three similar ones are to lie pul up at Sault Ste. Marie, 
Canada. These are only the forerunners, we may bo sure, ol dozens 
or perhaps even hundreds which will be built and operated within the 
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lifetime of most of this Audience. The time at our disposal forbids 
my describing these interesting furnaces: T <oin only refer you to Dr. 
i I sand's interesting reports and to the transactions of this society, 
particularly to our Volume XV. One surmise of my own 1 will, how¬ 
ever. take (lino to mention: I have predicted that this elec trie-furnace 
pig iron, made without the admittance or use of rnr blast, will he far 
superior to ordinary pit: iron for conversion into steel, becauso of the 
absence of oxygen or, particularly, of nitrogen. Time will test this 
prediction, too. 

Electric steel is at present a topic of absorbing interest nod great 
potentialities. It was primarily a competitor of tho most expensive 
kind of steel—crucible steal. It was first made commercially in 1900, 
by Mr. F. A. K jail in, of Sweden, by melting together in an (dec trie 
furnace the same high-grade materials which are usually molted 
down in crucibles to form crucible steel. The product Was Jiiado 
equal in quality to crucible sLcci, it was produced in lots of a Ion or 
more at a molt, of very satisfactory uniformity, and with cheap water 
power to furnish electricity the cost was considerably below that of 
crucible steel. 

The steel melting pot or crucible Is a siliceous vessel, holding about 
]n0 pounds of steel, lasting only a few heats, and lifted in and out of 
the furnace by manual labor. The consumption of fuel to got the 
required melting heat is wickedly wasteful; not over 5 per cent of 
the heat-developing power of the fuel used is efficiently utilized as 
heat in the melted steel, and the actual proportion is usually less than 
lifdf that much. The cost of labor, crucibles, and fuel is excessive, 
and to this must be added the high cost of tho pure material which 
must be used—prwsticaUy the purest iron which can be mode. 

The electric furnace is changing all this, rapidly In continental 
Europe, slower m Sheffield, and still slower in America: but Lhe change 
is spreading surely and inevitably, ileal crucible steel will soon be a 
tiling of the past, supplanted entirely by electric furnace steel of 
equid quality, made and sold much more cheaply. 

The electric furnaces used ere of almost all types. The induc¬ 
tion furnace was developed commercially by Kjellin in Sweden, 
improved, enlarged, and greatly developed by his associates in 
Germany, combined with the Colby pattern in America, and still 
further modified bv Hiorth in Norway. Thirty-six of these furnaces, 
the maximum capacity being one at Krupp’s works at Essen, SJ tons 
at a charge, are now built or building. The American Electric 
Furnace Co. is organized to push thdr building and operation in 
America. The are radiation furnace was developed by Maj.Stassano, 
an Italian artillery officer. It melts by heat radiated from powerful 
electric arcs. Several of these are in operation in Europe, and a 
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gentleman managing one* of (-lie large American feted companies, who 
has just returned from fin inspection of the different electric steel 
furnaces operating in Europe, tills mo that ha considered the Stassano 
furnace as doing the best work t nil around, of all the furnaces he saw 
in operation, I have seen this furnace opera ting smoothly and regu¬ 
larly in Turin, producing steel for castings which were being sold in 
competition with open-hearth and Bessemer steel castings in the open 
market. The single arc furnace k best illustrated by the Gired 
furnace, which k built like the body of an open-hearth furnace with 
the electric current entering the bath by carbon electrodes suspended 
above it, and springing arcs Lo it, while the current leaves the bath 
through metallic conductors parsing through the saucer-shaped 
hearth below the level of the metallic surface. These furnaces work 
with great regularity, and a largo number are operating in Europe, in 
capacities up to 12 tons each. I am informed that the KruppTVorks 
at Essen has just contracted to put in five of these of the 12-ton size, 
which would confirm statements made to me by my European friends 
that thk furnace is working the best of oil the elec trie steel funrncefenow 
operating in Europe. The double-arc furnace, of which the He mult 
furnace is the most familiar type, works with, two arcs in series, the 
current entering the bath and leaving it also through electrodes 
suspended above it. The general stylo is that of an open-hearth 
furnace with electrodes passing through the roof* The current used 
is roughly 100 kilowatts per ton of steel capacity, und the largest so 
fur operated is 15 tons, A 3-ton furnace of this type was seen by you 
at the Firth-Stirling ^tcel Works at Demnder; yesterday, producing 
cruciblc-quality BteeL The United States Steel Corporation has 
acquired licenses to operate the Heroult furnace,, and has already 
two 15- ton furnaces in operation. Wit lion t doubt, the Hero nil. fur¬ 
nace is at (he pro-rut time the most popular and successful electric 
steel furnace in the United States. I have not time to more than 
name the IieIlrr H the Iliorth, the Uarmefc, the Frick—all of which are 
operating at this present moment in Europe, 

There are other ways of making steel than the crucible method, 
Bessemer steel il the cheapest! and n pen-hearth steel k next best. 
Those two varieties grade into each other in quality, but between 
open-hearth and crucible steel there is an enormous gap in price and 
in quality winch is destined to be bridged over by intermediate qual¬ 
ities of electric steel ns it becomes cheaper and k manufactured on a 
larger scale. Thk will soon become one of the large uses of the electric 
method, occupying a field peculiarly its own. It will enable steel 
manufacturers to supply steel better than the best open-hearth prod¬ 
uct at less than the price of crucible steel, I need not enlarge upon 
the advantages of this to a Pittsburgh audience. 
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There sire alsrt varieties of methods of manufacture of steely aside 
from the melting together of highly pare materials as in the cruet hie 
method, which are equally available in most types of the c Ice trie 
furnace. The Bessemer converter takes liquid pig iron as it comes 
from the blast furnace rind by rapid oxidation by alt bloat ton verts 
it into steel. Mr. Heroult has tried to combine the Bessemer con¬ 
verter ’with the electric furnace in one apparatus the idea being to 
first oxidize the metal by air blast and then to finish it while electric 
current supplied the necessary heat, f have no information that this 
combination furnace is anywhere in successful operation, but the 
equivalent of the same operation performed first in the Bessemer 
converter and then on the blown metal transferred into an elect ric 
furnace for finishing is already in regular commercial operation at 
the South Chicago Works of the United States Steel Curpi'nitbn. I 
have had the privilege and pleasure, thanks to Mr, Heroult, of study¬ 
ing that operation, in company with Mr, Heroult and the editor of 
Metallurgical and Chemical Engineering, You may find a description 
of the process in the April number of that journal, so I will not repeat 
it here—except so far as to say that 15 tons of f he product of the 
Bessemer blow r oxidized to the extent usual in the Bessemer converter* 
was kept malted less than two hours on the basic hearth of the electric 
furnace, treated with two different slags to refine it from phosphorus 
and sulphur, deoxidized or f 'dead-melted,’* and then poured into ingots 
of steel intended for axles. The steel produced was of better quality 
than the usual corresponding open-hearth metal, and was produced 
at slightly less total cost. This combination process hills fair to give 
a new lease of life to the declining Bessemer steel industry; its eco¬ 
nomic importance will appeal particularly to this audience. 

The open-hearth steel furnace is at present the mmt important 
of the methods of manufacturing steel — Ci tonnage steel/' It makes 
steel from pig iron and scrap of proper quality, or from pig iron and 
iron ore (mill scale), or From pig, scrap, and ore. It makes its best 
steel on silica hearths from high-grade material low in sulphur and 
phosphorus, and its cheapest steel on basic hearths from almost any¬ 
thing . The electric furnace can do any or till of these things, and, as 
il general proposition, produce better steel from given materials than 
the open-hearth furnace. Under what, circumstances it will pay to 
use the electric furnace instead of the open-hearth furnace would 
take at least one lecture to discus; we will not go deeply into it here* 
In Europe, countries which have very cheap water power, around $10 
per horsepower year, and fuel costing S4 to S3 per ton, are finding the 
electric furnace the cheaper; with power costing $20 and cold $5* the 
two are about on equal terms; in Pittsburgh, with power at $30 and 
cr.iul at $lj tho open-hearth furnace is by far the cheaper for produce 
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ing such steel as it can produce. However, even here the combina¬ 
tion of Bessemer und electric furnace is possibly cheaper than the 
ail open-hearth process; the combination of open-hearth and electric - 
furnace processes h» quite possible mid practicable to produce c rod Ine¬ 
quality steel on a large (tonnage ) scale, and the combination of the 
opart-hearth and electric furnace into one furnace is not only a 
possible combination, but is actually bwng ,f tried out.” Tim latter 
idea is to take an open-hearth furnace and to place electrodes in the 
rnof. Tha furnace is run as an ordinary open-hearth, furnace, with 
the electrodes withdrawn, and at the close of the open-hearth heat 
gas and air are shut off entirely, the electrode* lowered into proximity 
to the hath, and the beat finished as an electric-furnace beat. The 
idea is sound and practicable and will result in the production of 
better dec! than can he obtained from any open-hearth furnace at 
but a slight advance on the cost of the open-hearth steel, say S2 to 
S3 per ton. 

to the capacity for enlargement of electric steel furnaces, they 
started -Ut to duplicate the crucible-steel process, producing 100 
pounds of melted steel at a heat, and in eight years have risen to IS 
tons' capacity. In Europe an electric cakinm-carbidc furnace of 
13,000 kilowatts, capable of producing 200 tom of carbide daily, is 
in practical operation. A furnace of like power capacity could be 
built to make steel, mid would be a 200-tcn steel furnace or larger. 
We can therefore say with assurance that with a little more expe¬ 
rience and experiment efoctrometaUurghsta will bo able to furnish 
tho Btoel maker with electric stoel furnaces as largo as are wanted— 
up to 200 tons' capacity, if desired. 


ANCIENT AND MODERN VIEWS REGARDING THE 
CHEMICAL ELEMENTS. 1 


By Ptof, Sin William Rah > at. K.C.Brp Rh.I}-, LL.D, h D.Sc. r M D,, F.R.S* 


It hiu-i been the usual custom of my predecessors ixi office either to 
give a summary of the progress of science within tile past year or to 
attempt to present in intelligible language some aspect of tlie science 
in which they have themselves been engaged. I possess no qualifica¬ 
tions for the former course, and I there fore ask you to bear with mo 
while I devote sonic minuter to the consideration of ancient and 
modern views regarding the chemical elements* To many in my 
audience part of my story will prove an oft-told tale; but I must 
ask those to excuse me T in order that it may he in Home wise complete. 

In the days of the early Greeks the word M element 11 was applied 
rather to denote a property of matter than one of its constituents. 
Thiii, when a suStance was said to contain fire, air, water„ and earth 
(of which terms a ekildldi game doubtless once played by all of us 
b a relic), it probably meant that they partook uf the nature of the 
so-called elements. Inflammability showed the presence of concealed 
fire; the escape ol “airs** when some substances are heated or when 
vegetable or animal matter is distilled no doubt led to the idea that 
these aira were imprisoned in the matters from which they escaped; 
hardness and permanence were ascribed to the presence of earth, 
while liquidity and fusibility were properties conveyed by the pres¬ 
ence of concealed water. At a later date the Spagyriea added tlir.ee 
hjpostatical principles to the quadrilateral; these were salt, sulphur* 
and mercury. The first conveyed solubility, and fixeilness in fire; 
the second, inflammability; and the third* the power which some 
substances manifest of producing a liquid, generally termed “ phlegm/* 
on application of heat, or of themselves being converted into the liquid 
state by fusion. 

It was Robert Boyle, in Ids Skeptical Chymist, who first contro¬ 
verted these ancient and medieval notions, and who gave to the word 
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element the meaning that it now possesses—the constituent of n 
compound. But in the middle of the seventeenth century chem¬ 
istry had not. advanced fur enough to make hi* definition useful; for 
ho was unable to suggest any particular substance as elementary. 
And, indeed, the main tenet of the doctrine of phlogiston, promul¬ 
gated by Stahl in the eighteenth century, and widely accepted, was 
that all bodies capable of burning or of being converted hi to a calx, 
or earthy powder, did so in virtue of the escape of n subtle fluid 
from their pores; lids fluid could be restored to the calces by heating 
them with other substances rich in phlogiston, such as charcoal, oil, 
flour, and the like. Staid, however false bis theory, had at least the 
merit of having constructed a reversible chemical equation: 

Metal ^ phlogiston ^-Cabc; Calx -f phlogiston *■ Metal. 

It is difficult to say when the first element was known to b& an 
element* After Lavoisieris overthrow of i he phlogistic hypothesis, 
the part played by oxygen, then recently discovered by Priestley and 
Scheele, came prominently forward* Loss of phlogiston, was identi¬ 
fied with oxidation; gain of phlogiston with loss of oxygen. The 
scheme of nomenclature (Methods do Nomenclature chimiqup), 
published by I arvoisier in conjunct ion with Guyton do Moreau, 
Be i t ballet, and Foureroy created a system of chemistry out of a 
wilderness of isolated facts ami descriptions. Shortly after, in I7S9, 
Lavomer published his Traitf de Oumle, ami in the preface the 
words occur: 11 If we mean by elements the simple and indivisible 
molecule* of which lioclie* consist, it Is probable that we do not 
know them; if, on the other hand, we mean the last term in analysis, 
then every substance winch we have not been able to decompose is 
for us an element; not that we can bo certain that bodies which we 
regard as simple are not themselves composed of two or even a larger 
number of elements, but because these element* eon never be sepa¬ 
rated, or rather because wo have no means of separating them, the y 
act, so far as we can judge, as dements, and wo can not call them 
simple until experiment and observation shall have furnished a proof 
that they are mf* 

The dose connection between crocus of Mars and metallic iron, 
the former named by Lavoisier oxyde de fer, and similar relations 
between metals and their oxides, made it likely that bodies which 
reacted ua oxides jo dissolving in acids and forming salts must also 
possess a metallic substratum* In October, 1S07, Sir Humphry 
Davy proved the correctness of this view for soda and potash by Ills 
famous experiment of splitting these bodies by a powerful electric 
current into oxygen and hydrogen, on the one hand, and the me tala 
sodium and potassium, on the other. Calcium, barium, strontium, 
and magnesium were added to the list as constituents of the oxides. 
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lime, barytes, fitrontia, mid magnesia. Some years later Seheelo's 
dopkiogbticated marine acid, obtained by heating pyrolasite with 
spirit of salt, was identified by Davy as in all likelihood elementary. 
Hid words Arc: “All the conclusions which I have ventured to make 
respecting the tmdecompounded nature of ©xymuriatic gaa are, I 
conceive, entirely confirmed by these new facts, * * * It has 
been judged most proper to suggest a name founded upon one of iis 
obvious and charneleristic properties, its odor, and to call it chlo- 
rine.* 1 The subsequent discovery of iodine by Courtois in 1812 and 
of bromine bv Ralord in 1S2G led to the inevitable conclusion that 
fluorine, if belated, should resemble the other halogens in proprieties, 
mid much later, in the able hands of Moksan, this was shown to be 
true. 

The modern conception of the elements was much strengthened by 
Dalton's revival of the Greek hypothesis of the atomic constitution 
of matter and the aligning to each atom a definite weight. This 
momentous step for the progress of chemistry was taken in 1803 ; the 
first account of the theory was given to the public with Dalton's 
consent in the tlurd edition of Thomas Thomson's System of Chem¬ 
istry In 1$G7; it was subsequently elaborated in the first volume of 
Dalton's own System of Chemical Philosophy, published in 1808, 
The notion that compounds consisted of aggregations of atoms of 
elements united in definite or multiple proportions familiarised the 
world with the conception of elements m the bricks of which the 
mdvwm is built. Yet the more daring spirits of that day were not 
without hope that the elements themselves might prove decompos¬ 
able. Davy, indeed, went ao far as to write in 1811: “It b die duty 
of the chemist to be IkiU In pursuit; he must recollect how contrary' 
knowledge is to what appears to bo experience. * * * To inquire 
whether the elements be capable of being composed and decomposed 
is a grand object of true philosophy .** And Faraday, Ms great pupil 
and successor, at a later date, ISIS, was not behind Davy in his inspira¬ 
tions when he wrote: “To decompose the metals, to re-form them, 
and to reali^> the once absurd notion of transformation—these are 
the problems now" given to the ohcmbt for solution.” 

Indeed, the ancient idea of the unitary nature of matter w as in 
those day* held to be higldy probable. For attempts wore soon 
made to demonstrate that the atomic weights were themselves mul- 
tipl as of that of one of the element*. At first the suggestion vr iuh 
that oxygen was the common basis; and later, when this supposition 
turned out to be untenable, itue claims of hydrogen were brought 
forward by Prout. The hypothesis was revived in 1842 when Liebig 
and Kedtcnbachccj and subsequently Pumas carried nut a revision 
of the atomic weights of some of the commoner element* and showed 
that Berzelius was in error in Ai t ri but mg to carbon the atomic 
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weight 12.25 instead of 12.00, Of recent years a great advance in 
the accuracy of the determinations of atomic weights has been made* 
chiefly owing to the work of Eichard* and hm pupils, of Gray, and of 
Gave ami hi* collttboratora t and every year an international committee 
publishes a table in which the most probable numbers are given on 
the basis of the atomic weight of oxygen being taken ns IB- In 
the table for 1911 j of 81 elements no fewer than 4£ have recorded 
atomic weights within one-tenth of a unit above or below an integral 
number- My mathematical colleague, Karl Pearson, assures me 
that the probability against such a condition being fortuitous is 
20,000 millions to one* 

The reluluui between the elements lias, however, been approached 
from another point of view* After preliminary suggestions by 
Dtibereiner, Dumas, and others, John Rowlands in 1862 and the 
following years arranged the elements in the numerical order of 
their atomic weights and published in the Chemical News of 1803 
what lie termed Ms law of octaves—that every eighth demon t^llke the 
octave of a runs a ml note, h in some measure ti repetition, of its fon*- 
runner. Thus, just as V on the third space is the octave of 0 below 
the line* so potassium, in 1865 the eighth known dement numerically 
above sodium, repeats the characters of sodium, nut only in its 
physical proper tie*-—color, softness, ductility, malleability, etc.— 
hub id so in the properties of it* compounds r which indeed resemble 
each other very closely The same fundamental notion Wits repro¬ 
duced at el Inter date and independently by Lothnr Meyer and Dmitri 
MendelfciT; and to accentuate the recurrence of such similar de¬ 
ments in period*, the expression J 'the periodic system of arranging 
the dements was applied to Ncwlands'B arrangement in octaves- 
As everyone knows, by help of this arrangement Mefidel&efF predicted 
the existence of then unknown elements under the name* of oka- 
boron, € h ka-fdtiminium, and oka-silicon* since named Kcnndiutu^ 
gallium, and germanium by their discoverers, Clove, Lecoq de Bok- 
baiulrtLEn and Wipcklcr- 

It might have been supposed that our knowledge of the dements 
was practically complete; that perhaps a few more might be dk- 
covered to liiil rin outstanding gaps in the periodic table* True, a 
puzzle existed and aLill exists in the classification of the rare earths, 
oxides of metals occurring in certain minerals; these metals have 
atomic weights between 159 and ISO, find their properties preclude 
their arrangement hi the columns of the periodic table. Besides 
these, the discovery of the inert gases of the atmosphere, of the 
existence of which Johnstone Stoners spiral curve, published in 
1888, pointed a forecast* joined the elements like sodium and pot els- 
arum, strongly electro-negalive, to those like fluorine and chlorine, 
highly electropositive, by i* aeries of bodies electrically m well m 
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chemically inert, and neon, Argon r kryptonj and xenon formed link* 
between fluorine and sodium, chlorine and potassium, bromine and 
rubidium, and iodine and cesium. 

Including the inactive gasea, and adding the more recently dis¬ 
covered element# of the rare earths, and radium, of which I shall 
have more to say presently, there am? $4 definite elements, all of 
which find places in the periodic table f if merely numerical values be 
considered. Between lanthanum, with atomic weight 139, and tan¬ 
talum, 181 r there are in the periodic table 17 spaces; am] although 
it is impossible to admit, oo account of Lheir properties, that the 
elements of the rare earths can be distributed in successive columns 
(for they ail resemble lanthanum in properties), yet there are now 
14 such dements; and it is not improbable that other 3 will be sepa¬ 
rated from the complex mixture of their oxides by further work. 
Assuming that the meads of the lure earths fill these 17 spaces, how 
many still remain to be filled 1 Wo will take for granted [hat the 
atomic weight of uranium, 238,5, which is the highest known, forms 
an upper limit not likely to Vue surpassed* It is easy to count the 
gaps; there are 11* 

But we arc confronted by an embarras de riehosse. The dmeovery 
of radioactivity by Ilcnri Becquerol, of radium by the Curies, and the 
theory of the disintegration of the radioactive elements, which wo owe 
to Rutherford and Soddy, have indicated ihe existence of mo fewer 
than 26 dements hitherto unknown. To what places in the periodic 
table can they be assigned ? 

But what proof have wo that these substances are elementary 1 
Let us take them in order. 

Beginning with milium. its salts were first studied by Madame 
Curie; they closely resemble those of barium—sulphate, carbonate, 
and chromate insoluble; chloride and bruniido similar in crystalline 
form to chloride and bromide of barium; metal, recently prepared by 
Madame Cum, white, attacked by water, and evidently of the type 
of barium. The atomic weight, too, falls into its place; as deter¬ 
mined by Machine Curio and by Thorpe, it is SD.5 units higher than 
that of barium; in short, there can he no doubt that radium fits the 
periodic table, with an atomic weight of about 226,5, It is an 
undoubted demon L 

But it is ei very curious one, for it is unstable. Now, stability 
was believed to be the essential characteristic of mi clement. Radium, 
however, disintegrates — that is, change into other bodies, and at a 
constant rate. If l gram of radium is kept for 1,760 years, only hall 
a gram will be left nt the end of that time; half of it will have given 
other products. What are they? We can answer that question. 
Rutherford and Soddy found that it gives a condensable guis, which 
they named radium-emanation: and Soddy ami I in 1903 discovered 
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that, in addition, it evolves helium, one of tlie inactive series of go^cs* 
like argon. Helium is an undoubted cl ament* with a well-defined 
spectrum; it belongs to a wcU-defiftod serins And raditim-nmaua- 
lion* which wa> shown by Rutherford and Soddy to be incapable of 
chemical union, has been liquefied and solidified hi the laboratory of 
University College London; iu spectrum has been measured and its 
density determined# From the density the atomic weight can be 
calculated, and it cOrraspouck with that of a congener of argon, the 
whole scries being, helium, 4; neon, 20; argon, 40; krypton, 83; 
xenon, 130; unknown* about 17Sj and niton (the name proposed for 
iho emanation to recall its connection with its congeners, and its 
phosphorescent properties), about 222*4, The formation of niton 
from radium would therefore be represented by the equation, radium 

(226.4) = Indium (4} + mton (222.1). 

Niton, in its turn, disintegrates, er decomposes, and at a rate much 
more rapid than the rate of nulium; half of II hua changed in about 
four days. Its investigation, therefore, hud tu be carried out very 
rapidly, in order that iia decomposition might not be appreciable 
while its properties were being determined. Its product of change 
was named by Rutherford radium A, and it h undoubtedly deposited 
from niton as a metal, with simultaneous evolution of helium; the 
equation would therefore he, niton ( 232 - 4 ) = helium (4) H- radium A 

( 213 . 4 ) . Rut it is impossible to investigate radium A chemically, fur 
in 3 minutes il has half changed into another solid substance, nulium 
B, again giving off helium. This change would be represented by 
the equation, rrnliurn A (218,4) = hdium (4) -h radium B (214.4). 
Radium E, again, can hardly be examined chemically, for hi 27 
mlnun ^ it has half changed into radium C-. In this case, however, 
no helium is evolved, only atoms of negative electricity, to which the 
name electrons has been given by Dr. Stouey, and these have minute 
weight wliich, although approximately ascertainable, at present has 
defied t lire I-1 nieas u re men! * Tl ad i um C 1 has a half-life of 10,5 tm n u t ns, 
too short, again, for chemical investigation; hut it changes Into 
radium {? t and In doing so each atom parts with a helium atom; hence 
the equation, radium C 1 (214.4) = helium (4)-h radium C 1 (210.4 k In 
2.5 minutes radium ( 1 is half gone, parting with electrons, forming 
radium IX Radium D gives the chemist n chance, for its half-life is 
no li>s than H*} years. Without parting with anything detectable, 
radium D passes into radium E, of which the hall-life period Is 5 
days; and, lastly, radium E changes spontaneously into radium F, 
the substance to which Madame Curie gave the name polonium in 
allusion to her native country, Poland Polonium, In its turn, is half 
changed in 140 days with loss of an atom of helium into an unknown 
metal, supposed tu be possibly lead. If lbut be the ciase, the equation 
would run, polonium (210,4) » helium (4) -f lead (2GG«4)* But the 
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atomic weight of tend k 207.1, and not 200,4; however, it b possible 
that the atomic weight of radium is 227.1, and noL 220.4. 

"VVe have another method of approaching the same subject. It is 
practically certain that the progenitor of radium is unrnium, and that 
the transformation of uranium into radium Involves the loss of 3 
alpha particles; that is, of 3 atoms of helium. The atonic weight 
of helium may be taken as one of the most certain; it is 3.994, els 
determined by Mr, Watson, in my laboratories. Three atoms would 
therefore weigh 11,03, practically 12. There b f however, still some 
uncertainty in the atomic weight of uranium; Rickards and HenguJd 
make it 239.4; hut the general mean, calculated by Cl&tke, is 239, 
Subtracting 12 from these numbers, wc have the values 227 1 and 
227.4 for the atonde weight of radium* It is as yet impossible to draw 
nny certain conclusion. 

The importance of the work which will enable a definite and sura 
conclusion to be drawn is this: For the first time, we have accurate 
knowledge as to the descent of some of the elements. Supping the 
atomic weight of uranium to he certainly 239, it may be taken ug 
proved that hi losing 3 atoms of ludium, radium is produced* and, if 
tlm change consists sold)* in the loss of the 3 atoms of Udium, the 
atomic weight of radium must necessarily lie 227* But it k known 
that, ^-rny$, or electrons, are also parted with during this change; 
and electrons have weight. How many dec irons are lust is unknown; 
therefore, although the weight of an electron is approximately known, 
it is impossible to say how modi to allow for in estimating the atomic 
weight of radium. But it is possible to solve tins quest ion indirect Lf, 
by determining exactly the atomic weights of radium and of uranium; 
the difference between the atomic weight of radium phis 12, i. e., pins 
the weight of 3 atoms of helium, and that of uranium, will give the 
weight of the number of electrons which escape. Taking the most 
probable number available, viz, 239-4 for uranium, and 226,S Inr 
radium, and adding 12 to the latter, the weight of the esc aping elec¬ 
trons would be O.lh 

The correct solution of this problem would in great measure clear 
up the mystery of the irregularities in the periodic table, *tnd woo id 
account for the deviations from Front's Law , that the atomic weights 
are multiples of some common factor or factors, I also venture to 
suggest that it would throw light on allotropy, which in some coses at 
less! may very well be due to the loss or gain of electrons, occompu^ 
nied by a positive or negative heat-change* Incidentally, Lhis sug¬ 
gestion would afford places in the periodic table for the somewhat 
overwhelming number of pseudo-elements the existence of which is 
made practically certain by the disintegration hypothesis Of the 
26 dements derived from uranium, thorium, and actinium, 10 f which 
are formed by the emission of electrons alone, may he regarded as 
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ado tropes oi” pseudoalements; this leaves 16, for which 16 or 17 pips 
would appear to be avail able in Llie periodic table, provided the reas¬ 
onable supposition in; made that a second change in the length of the 
periods lias taken place- It is above all tilings certain that it would 
be a fat id mistake to regard the existence of such dements as irrecon¬ 
cilable with the periodic arrangement, which lias rendered to sys¬ 
tematic chemistry surli signal service in the past. 

Attention has repe&Ledly been drawn to the enormous quantity of 
energy stored up in radium and its descendants. That in its emana¬ 
tion, niton, Is such that if what it parts with as heat during its disin- 
tegriUiun were available, it would be equal to three and a half million 
times the energy available by the explosion of an equal volume of 
detonating gas— a mixture of 1 volume of oxygen with 2 volumes of 
hydrogen. The major part of this energy cornea apparently from 
the expulsion of particles (that is, of atoms of helium) with enormous 
velocity. It k easy to convey an idea of this magnitude in a form 
more realLzable by giving it a somewhat mechanical turn. Suppose 
that the energy in a ton of r odium could be utilized in 30 years instead 
of being evolved at its invariable slow rate of 1,760 years fqr indf- 
disintegration, it would suffice to propel a ship of 15,000 tons, with 
engines of 15,000 horsepower, at the rate of 15 knots an hour for 30 
yearn, practically ilia lifetime of a ship. To do this actually requires 
1§ mtUioii tons of cool. 

It k easily seen that the virtue of the energy of the radium consists 
in the small weight in which it Is contained; in other words, the 
indium-energy is in an enormously concentrated form, I have 
attempted to apply the energy contained in nil on to various purposes; 
it decomposes water, ammonia, hydrogen chloride, and carbon 
dioxide, each intoiteconstituents; furtherexperimsnts on its action on 
salts of copper appeared to show that the metal copper was coi> 
verted partially into lithium, a metal of the sodium column; and 
similar experiments, of which there is not time to speak, i nd icate that 
thorium, zirconium, titanium and silicon are degraded into carbon; 
for solutions of compounds of these, mixed with niton r invariably 
genera ted carbon dioxide; while cerium, silver, mercury, and sumo 
other me tain gave none. One can imagine the very atoms themselves 
exposed to l>omtmrdxnont by enormously quickly inuring helium 
atoms failing to withstand ihe impacts. Indeed, the argument a 
priori is a strong one; if we know for certain that radium and its 
descendants decompose spontaneously, evolving energy, why should 
not other more stable elements decompose when subjected to enor¬ 
mous strains t 

This leads to the speculation whether, if elements are capable of 
disintegration ? the world may not have at its disposal a hitherto 
unsuspected source of energy. If radium were to evolve its stored-np 
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energy at the some roto that gun-cotton does, we should have an 
undreamed-of explosive; could we control the rate we should have a 
useful and potent source of energy, provided always that a sufficient 
supply of radium were fort hentiling. But the supply is certainly n 
very limited one; and it rail he safely affirmed that the production 
will never surpass half an ounce a year. IT, however, the elements 
which we have been used to consider as permanent are capable of 
changing with evolution of energy; if some form of catalyser could be 
discovered which would usefully increase their almost inconceivably 
slow rate nf change, then it is not too much to say [Inst the whole 
future of our race would bo altered. 

The whole progress of Ihe human nice bus indeed been due to 
individual members discovering means of concentrating energy, and 
of transforming one form into another. The carnivorous animals 
strike with their paws and crush with their teeth; the first man who 
aided his arm with a slick in striking n blow discovered how to con¬ 
centrate his small supply of kinetic energy; the him man who used a 
spear found that its sharp point in motion represented a still more 
concentrated form; the arrow was a further advance, for the spear 
was then propelled by mechanical means; the bolt of the crossbow, 
the bullet shot forth by compressed hot gas, feat derived from block 
powder, later, from high explosives; all these represent progress. To 
take another sequence; The preparation of oxygen by" Priestley 
applied energy to oxide of mercury in the form of heat"; Da vy im¬ 
proved ou this when he concentrated electrical energy into the tip of 
a thin wire by aid of a powerful battery, and isolated potassium ami 
sodium. 

Great progress has been made during the past century in effecting 
the conversion of one form of energy into others, with as little useless 
expenditure as possible. Let me illustrate by examples: A good 
steam engine converts about one-eighth of the potential energy of the 
fuel into useful work; seven-eighths are lost as unused beat and useless 
friction. A good gas engine utilizes more than one-third of the total 
energy in the gaseous fuel; two-thirds are uneconomically expended. 
This is a universal proposition; in order to effect the conversion from 
one form of energy into another, some energy must be expended 
uneconomically. if A h the total energy which it is required to con¬ 
vert; if B is the energy into which it is desired to convert A; then a 
certain amount of energy, C, must be expended to effect the conver¬ 
sion, In short, A = U + C. It is eminently detirahle to keep C, the 
useless expenditure, as small as possible; it can never equal zero, but 
U can be made small. The ratio of C to B (the economic coefficient) 
should therefore bo as largo as b attainable. 

Tho middle of the nineteenth century will always ho noted as the 
beginning of the golden age of science; the epoch when great general!- 
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a, at ions were madt\of the highest ini portmice on all sides, pliilosophiceJp 
economic* iu id scien tific, Carnot j ( leitsins, lloknlio1 P Juhue Bobcrt 
JUver abroad r and the Thomsona, Lord Kelvin and his brother Janies 
Konkine, TaU P Joule. Clerk Maxwell. and many others at home, laid 
the foundations on winch the splendid structure has been erected. 
That the latent mm gy of fuel eim be converted into energy of motion 
by means of the at emu engine k what wo owe to Newcomen and Wait ; 
tlml the kinetic energy of the flywheel can be transformed into elec¬ 
trical emsfgy was due hi Faraday, and to him. too, we are indebted 
for the reconversion of ed^trical energy into mechanical work; and 
it k this power of work which gives us leisure h and which enables a 
small country like ours to support the population which inhabits it. 

1 suppose that it will be generally granted that the Commonwealth 
of Athens attained a high-water mark in literature and thought 
which has never yet been surpassed* The reason is not difficult to 
gild; a large proportion of its people had ample leisure, due to ample 
means; they had time to think and time to discuss what they thought. 
How was this achieved? Tim answer k Ample: Each Greek free¬ 
man had on an average at least 5 helots who did his bidding, who 
worked Ids mines, looked after ids farm, and, in short, saved him from 
roanual labor. Now , wo in Britain arc much better off; the popula¬ 
tion of the British Isles is in round numbers 45 millions; there arc 
consumed in our factories at least 50 million tons of coal annually, 
ami ** it is generally agreed that the consumption of coal per indicated 
horsepower per hour is on an average about 5 pounds. 1 * (Royal Com¬ 
mission on Coal Supplier Part I.) This gives 7 million horsepower 
per year. How many manpower arc equal to a horsepower 1 1 have 

arrived at an estimate thus: A Bhutanese can cany'230 pounds plus 
his own weight, in all 400 pounds, up a hill 4 r U0Q feet high in S hours; 
this k equivalent to about one twenty-fifth of a horsepower; 7 million 
horsepower are therefore about 175 million manpower. Taking a 
family as consisting on the average of 5 persons, our 45 millions 
would represent 0 million families; and dividing the total manpower 
by the number of families, wre must conclude that each British familj' 
has, on lLc average, nearly 20 helots doing ids bidding, instead of the 
5 of the Athenian family. We do not appear, however, to have 
gained more leisure thereby, but it k this that makes it possible for 
die British Mes to support the population which it does. 

We have in this world of oura only a limited supply of stored-up 
onergy; in the British Isles a very limited one—namely, our coal 
fields. The rate at which this supply is being exhausted has been 
increasing very steadily for the lost 10 years, as anyone can prove by 
mapping the data given on page 27, Table D T of the General Report 
of the Royal Commission on Coal Supplies (1006), In 1870, 110 mil* 
lion tons wore mined in Great Britain, and ever sinco the amount has 
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increased by 3\ million tons a year. The available quant it)" of coal 
in the proved coal fields is very nearly 100,000 mil]i on tons; it is 
msy to calculate that if the rate of working increases as it is doing our 
coal will he completely exhaust ed in 175 years, But, it will be replied, 
the rate of increase will alow down. Wfeyl It 1ms shown no sign 
whatever of slackening during tho last 40 years. Later, of course, 
it must slow down, when cod grows dearer owing to approaching 
exhaustion. It may also be said that 175 years is a long time; why, 
I myself have seen a man whom father fought hi 1745 on the Pretend¬ 
er's side, nearly 170 years ago? In the life of a nation 175 years is a 
span. 

This consumption h still proceeding at an accelerated rate. Be- 
tween 1905 and 1007 the amount of cod raised in the Ignited Kingdom 
increased from 236 to 26S million tons, equal to 0 tons per head of the 
population, against 3$ tons in Belgium, tons In Germany, and 1 
ton in France. Our commercial supremacy and our powe r of com¬ 
peting with other European nat ions nre obviously governed, so far ns 
wo can see* by the relative price of cod; and when our prices rise, 
owing to the approaching exhaustion of our supplies, we may look 
forward to the near approach of famine and misery* 

Having been struck some years ago with the optimism of my non- 
scientific friends as regards our future, I suggested that a committee of 
the British Science Guild should be formed to investigate our available 
sources of energy. This guild is an organisation founded by Sir 
Norman Loekyer, after his tenure of the presidency of this association, 
.for the purpose of endeavoring to impress on our people and their 
Government the necessity of viewing problems affecting the race mid 
the State from the standpoint of science; and the definition of science 
in this, as in other connections, is simply the acquisition of knowledge, 
and orderly reasoning on experience already gained and on experi¬ 
ments capable of being carried out, so m to forecast and control the 
course of events; and, if passible, to apply this knowledge to the 
benefit of tlio human race* 

The Science Guild has cnlku-d the services of a number of men, 
each eminent in his own department, and each has now reported on 
the particular source of energy of which ho has special knowledge. 

Besides considering the uses of coal and its products, and how they 
may bo more economically employed, in which branches the Hon. Sir 
CbarJcs Parsons, Mr. DugaJd Clerk, Sir Boverton Redwood, Dr* 
Bell by, Dr. Hcle^Shaw, Prof. Vivian Lewes, and others have furnished 
reports, the following sources of energy have been brought under 
review: The possibility of utilizing the tides; the interna] heat of the 
earth; the winds; solar heat; waterpower; the extension of forests, 
and the use of wood arid peat as fuels; and lastly, the possibility of 

irn—is 
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controlling the undoubted but almost infinitely slow disintegration 
of the element*, with the view of utilizing their atored-up energy. 

However interesting a detailed discussion of these possible sutures 
of energy might be, time prevents my dwelling on them. Suffice it to 
say that the Hon. R. J + Strutt has shown that in this country at Joust 
it would be ini practicable to attempt to utilize terrestrial best from 
boreholes; others have deduced that from the tides, the winds, and 
waterpower small supplies of energy are no doubt obtainable, but that, 
in comparison with that derived front the combustion of coal, they are 
negligible; nothing is to be hoped for from iho direct utilisation of 
solar heat in this temperate and uncertain climate; and it would be 
folly to consider seriously a possible supply of energy in a conceivable 
acceleration of the liberation of energy by atomic change. It looks 
utterly improbable, too, that we shall ever bo able to utilize the energy 
duo to the revolution of the earth on her Mis, or to her proper motion 
round the sun. 

At tent inn should undoubtedly be paid to forestry, and to the utiliza¬ 
tion of our stores of peat. On the Continent the forests are largely 
the property of the State; it is unreasonable, especially in these latter 
days of uncertain tenure of property, to expect any private owner of 
land to invest money in schemes w hich would at best only benefit his 
descendants, but which, under our present trend of legislation! do not 
promise e ven that remoto retum. Our neighbors and rivals, Germany 
and Prance, spend annually £2,200,000 on the conservation and utili¬ 
zation of i heir forests; the net return is £6,000,000, There is no doubt 
that wo could imitate thorn with advantage. Moreover, an increase 
in our forests would bring with it an increase in our waterpower; for 
without forest land rain rapidly reaches the sea. instead of distributing 
itself, so as to keep the supply of water regular, and so more easily 
utilized- 

Various schemes have been proposed for utilizing our deposits of 
peat* I believe that in Germany Iho peat industry Is moderately prof¬ 
itable; but our humid climate does not lend itself to natural evaporit- 
tion of most of the large amount of water contained in peat, without 
which processes of distillation prove barely remunerative. 

We must therefore rely chiefly on our coal reserve for our supply 
of energy, and for the means of supporting our population, and iL is 
to the more economical uso of coal that wo must look, in order that our 
life as a nation may be prolonged. 1T« can economize in many ways: 
By the substitution of turbine engines for reciprocating engines, there¬ 
by reducing the coal required per horsepower from 4 to 5 pounds to 
11 or 2 pounds; by the further replacement of turbines by gas engines, 
raking the economy to 30 per cent of the total energy available in the 
coal, that is, lowering the coil consumption per horsepower te 1 or 1^ 
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pounds; by creating the power at the pit month, and distributing: it 
electrically # m Is already done in the Tyne district. Economy cun 
also be effected in replacing beehive cuke ovens by recovery ovens: 
tills is rapidly being dona; and T)r + Beil by calculates that in 1000 
nearly 6 million tons of ctml r out of a total of IS to IS millions, were 
coked in recovery ovens, thus effecting a saving of 2 to 3 million tons 
of fuel annually: Progress is also being made in substituting gas for 
coal or coke in metallurgical chemical, and other works. But it must 
be remembered that for economic use, gaseous fuel must not be 
charged with the heavy costs of piping and distribution. 

The domestic fire problem Ls sslso one which claims our instant 
attention* It is best grappled with from tho point of view of smoke. 
Although the actual loss of thermal energy in the form of smoke is 
small—-at most less than a half percent of the fuel consumed—still the 
presence of smoke is a sign of wasio of fuel and careless sinking. In 
works mechanical stokers which insure regularity of thing arid com¬ 
plete combustion of fuel are more and more widely replacing hand- 
firing- But we are still utterly wasteful in our consumption of fuel 
in domestic fires. There is probably nu single remedy applicable; 
but the introduction of central heating, of gas fires, and of grates which 
permit of better utLibation of fuel will all play a part in economizing 
our coal. It L> open to argument whether it might, not bo wise lo 
hasten tho time when smoko is no more by imposing a 0-penny fine 
for each offense; an instantaneous photograph could easily prove the 
offense to have been committed; and the imposition of tho fine might 
be delayed until three warnings had been given by tbu police. 

Now, I think that wind I wish to convey will be best expressed by 
an allegory, A man of mature years who has surmounted tho troubles 
of childhood and adolescence without much disturbance to Us physical 
and mental state gradually becomes aware that he is suHerring from 
loss of blood; his system is being drained of this essential to life and 
strength, What does ho do ? If he is sensible, he calls in a doctor, or 
perhaps several, in consultation; they ascertain tho seat of tho disease, 
and diagnose tho cause. They point out that, while consumption of 
blood is necessary for healthy life, it will lead to a pemature end if 
tho constantly increasing drain k not stopped. They suggest certain 
precautionary measures; and if he adopts them, he bus a good chance 
of living at least as long os Ids contemporaries; if ho neglecia them, hb 
days are numbered. 

That b our condition os a nation. We have had our consultation in 
1903; tho doctors wore the members of tho coal commission., They 
showed the gravity of our case, but we have turned a deaf ear. 

It k true that the self-kite rest of cool consumers b slowly loading 
them to adopt more economical means of turning coal into energy. 
But I have noticed and frequently publicly announced a fact which 
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can not but strike even the most unobservant. It is this: When trade 
is good, os it appears to be at present, manufacturers are making 
money 3 they am overwhelmed with orders, and have no inclination to 
adopt economies wliieh do not appear to them to be essential, and the 
introduction of which would inko thought and time, and which would 
withdraw the attention of their employees from the chief object of the 
business—how to make iho most of the present opportunities Hence 
improvements are postponed. When bad times come, then there is no 
money to spend on improvements; they are again postponed until 
better times arrive. 

What can ho done ? 

I would answer: Do as other nations have done and are doing; 
take stuck annually. The Americans have n permanent commission 
initiated by Mr, Boosevelt, consisting uf three representatives from 
each Stale, lha sole object of which is to keep abreast with the diminu¬ 
tion of Use stores of natural energy, and to take steps to lessen its rate. 
This is a non political undertaking, and one worthy of being initiated by 
the ruler of a great country. If iho example is followed here iho ques¬ 
tion will become a national one. 

Two courses tire open to us; first, the laissez-faire plan of leaving 
to selfdn tens ted competition the combating of waste; or second, 
initiating legislation which, in the interest of the whole nation, will 
endeavor to lessen the squandering of our national resources. This 
legislation may be of two kinds: Penal, that is, imposing a penalty 
on wasteful expenditure of energy supplies; and helpful, that is, 
imparting in formation as to what can be done, advancing Joans at an 
easy rate of interest to enable reforms to be carried out, and insisting 
on the greater prosperity which would result from the u^e of more 
efficient appliances. 

This is not the place, nor k there the time, to enter into detail; 
the subject is a complicated one, and it will demand the combined 
efforts of experts and legislators for a generation; but if it be net con¬ 
sidered with the definite intention of immediate action, we shall be held 
tip to the deserved execration of our not very remote descendants. 

The two great principles wtiich I have alluded to in an earlier part 
of this address must not, however, be lust &ight of; they should guide 
all our efforts to use energy economically. Concentration of energy" 
in the form of electric current at high potential makes it possible to 
convey it for long dist ances through thin and therefore comparatively 
inexpensive wires; and the economic coefficient of the conversion of 
mechanical into electrical and of electrical into mechanical energy h 
a high otic; the useless expenditure docs not much exceed oiie-twen- 
tleth part of the energy which can bo utilized. These considerations 
would point to the conversion at the pit mouth of the energy of the fuel 
into electrical energy, using as an intennediaiy turbines, or preferably 
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^as engines; and distributing the Electrical energy to where it is 
wanted. The use of gaa engines majj if desired, be accompanied by 
the production of half-distilled coal, a fuel which bums nearly without 
smoke, anti one which is suitable for domestic fires, if it is found too 
difficult to displace them and to induce our population to adopt the 
more efficient and economical systems of domestic heating which are 
used in America and on the Continent* The increasing use of gas for 
factory, metallurgical , and chemical purpose points to the gradual 
concentration of works near the coal mines, in order that the laying 
down of expensive piping may be avoided. 

An invention which would enable us to convert the energy of coal 
directly into electrical energy would revolutionize our ideas and 
methods, yet it is not unthinkable. The nearest practical approach 
to this is the Mond gas battery, which, however, has not succeeded, 
owing to the imperfection of the machine. 

In conclusion, I would put in a plea for the study of pure science, 
without regard to its applications. The discovery of radium and 
similar radioactive substance* has widened the bounds of thought. 
While themselves, in all probability, incapable of industrial applica¬ 
tion save in the domain of medicine., their study lias shown us to what 
enormous advances in the concentration of energy it is permissible to 
look forward, with the hope of applying the knowledge thereby gained 
to the betterment of the whole human race. As charity begins at 
borne, however, and aa 1 am speaking to the British Association for 
the Ac Ivan cement of Science, I would urge that our first duty ii lo 
strive for all which makes for the permanence of the British com¬ 
monweal and which will enable us to transmit to our posterity a 
heritage not unworthy to be added to that which we have received 
from those who have gone before. 








(FARADAY LECTURE.) 

THE FUNDAMENTAL PROPERTIES OF THE ELEMENTS/ 


By TirEoix>RE Wiujajc Rumamds* 
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We meet to-night lo honor the memory of Michael Faraday* It is 
fitting that we should cc me to this historic place, for here were Ids 
home anil his laboratory, and in this room ho lectured. Science Is 
one of the great influences promoting the solidarity of mankind; it is 
world embracing, and recognizes no bounds of nationality. Fara¬ 
day's work especially was a message to the whole world J and has 
grown into h priceless heritage fur all humanity. Therefore, from 
time to time the generous guardians of this famous lectureship have 
colled chemists and physicists from many lands to honor his unique 
genius* England, Germany, France, Italy, Russia, have nil sent 
eminent representatives; and now from across the sea there comes a 
pilgrim who is proud indeed to bring the homage of the New \\ urid 
to this shrine of cherished memories* The many ties which hind 
together our two nations add especial pleasure to the fulfillment of 
the trust. 

The mystery that enshrouds the ultimate nature of the physical 
universe has always stimulated the curiosity of thinking man. Of 
old, philosophers sought to solve the cosmic problem by abstract 
reasoning, but to-day we agree that the only hope of penetrating 
into the closely guarded secret lies in the precise estimation of that 
which is tangible and visible* Knowledge of the actual behavior of 
material and of energy provides the only safe basis for logical inference 
as to the real essence of things. Faraday was deeply imbued with 
this conviction, and it is widely recognized as the basis of all modern 
experimental science* The subject of tny lecture to-night concerns 
the methods ami general results of several extended series of investi¬ 
gations, planned with the hope of adding a little to the foundations 
of human knowledge by means of careful experiment 

i DeU™»d befow ll» FUWwi af cUc Cb-jnlcsi] Swta^to Ltealcr of Uw fcfljnl ImlituUnn. London, 
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At the ouLnct let me remind you of an old saying of Plato's, for it 
sounds the keynote of the lecture- "If arithmetic, mensuration and 
weighing be taken away from any art* that which remains will not 
be much. 1 * * 1 In other words, the soundness of all important ron- 
clusiom of mankind depends on ih& definiteness of the data on which 
they are based. 

Lord Kelvin said; "Accurate and minute measurement weems to 
the n unscientific ini agination a less lofty and dignified work than 
looking for something new. But nearly nil the grandest discoveries 
of science have been the rewords of accurate measurement and 
patient, long-continued labor in the minute sifting of numerical 
results." 3 The more subtle and complicated the conclusions to be 
drawn, the more exactly quantitative must be the knowledge of the 
facts. 

Measurement is a means, not an end. Through measurement we 
obtain data full of precise significance, about which to reason; but 
indiscriminate measurement will lead nowhere. We must choose 
wisely the quantities to be measuredj or cbo our time may be wasted. 

Among all quantities ‘worthy of exact measurement the properties 
of the chemical elements are surely some of the most fundamental 
because the elements are the Vehicles of all the manifold phenomena 
within the range of our perception. 

Weight is dearly one of the most significant of these properties. 
The eighty or more individual numbers which we call iho atomic 
weights arc perhaps the most striking of the physical records nature 
has given us concerning the earliest staged of tile evolution of the 
universe. They are mute witnesses of the first beginnings of the 
cosmos out of the chaos, and their significance is one of the first 
concerns of the chemical philosopher. 

Mankind is not yet in a position to predict any single atomic 
weight with exactness. Therefore the exact determination of 
atomic weights rests upon precise laboratory work; and in order to 
arrive at the real values of these fundamental constants, chemical 
methods must be improved and revised so as to free them from 
systematic or accident id errors. 

What, now, are the most important precautions to bo taken in 
such work? These are worthy of brief notice, because the value of 
the results inevitably depends upon them. Obvious although they 
may be, they Are of fen disregarded. 

In the first place, each portion of subst ance to be weighed must bo 
free from the suspicion of containing unheeded impurities; otherwise 
its weight will mean little* This h an end not easily attained, for 
liquids often attack their containing vessels and absorb gases, crystals 

i Plato, FHJtbcs {mm. JinwlE^ IS7i, voL 4„ jt, KM, 
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include and occlude solvents, precipitates curry down polluting 
impurities, dried substimers cling to water, find solids, even at high 
tempera tores, often fail to discharge their imprisoned contaminations. 
In the next place, after an analysis hm once begun, every Lmce of 
each substance to be weighed must be collected and find its way in 
due course to the scide pan* The trouble hero lira in the difficulty 
in estimating, or even detecting, minute traces ef substances remain¬ 
ing in solution, or minute losses by evaporation at high temperatures. 

In brief, 11 the whole truth and nothing but the truth” is the aim. 
Tins chemical side of the question is far more intricate and uncertain 
than the physical operation of w eighin g. For lids reason It Is neither 
necessary nor advisable to me extraordinarily la^ge amounts of mate¬ 
rial* From a to 20 grams in eatih experiment k usually enough- The 
exclamation^ 14 What wonderfully line scales you must have to weigh 
atoms" indicates lack of knowledge. The real difficulties precede 
the introduction of the substance into the balance case. 1 Every 
substance must be assumed to be impure, every reaction must be 
assumed to be incomplete, every metisuremenl must bo assumed to 
contain error, until proof to the contrary can be obtained. Only by 
means of the utmost care, applied with ever-watehful judgment, may 
tka unexpected snorts winch always lurk in complicated processes 
be detected and rendered powerless for evil 
Among all the possibilities of error, the unsuspected presence of 
water is perhaps the most frequent and most insidious. Hence, I shall 
allow yon a device for overcoming this potent source of confusion, a 
device which has played u great rifle in the recent researches concern¬ 
ing atomic weights at Harvard, and k in Urge measure responsible 
for such value as the results may possess. The msirumenl 3 enables 
one to dry, inclose, and weigh an anhydrous subs lance in such a 
manner as to preclude the admission of u trace of water from the 
atmosphere. It might well find applications in every quantitative 
laboratory. The simple device consists of a quart?, ignition tube 
filled to a soft-glas& tube- which has a projection or pocket in one side 
(fig. 1), A weighing bottle is placed at the end of the latter tube, 
and its stopper in the pocket. The boat containing the substance to 
be dried is I mated in the quartz tube, surrounded by an atmosphere 
consisting of any desired mixture of gases. Those gases are dis¬ 
placed after partial cooling, first by nitrogen and then by pure dry 
air, and the boat is pushed past the stopper into the wcigliiog bottle, 

1 Rkh*nla + VfHuxli Vwt*l In PtTclra Chemical Invest! pathin,, pubMed hj the Camecln Tratlluttai §f 
Waihing tQn h iimo, Nu„ LiS f p. &?. 
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the stopper being theft forced into place and the substance thus shu l 
up in an entirely dry atmosphere. The weighing bottle may now be 
removed, phured in an ordinary deaerator and Weighed at leisurc- 
Tlre substance h really dry, and its weight has definite significance. 

Mention may be made also of another instnimcnl, which likewise 
has greatly facilitated the recent work at Harvard, namely, the 
nephelometar 1 With the nophelometer, minute traces of suspended 
precipitate may be approximately determined from ilie brightness of 
the light they reflect. The construction is very simple. Two test 
lubes, near together :uid slightly inclined toward one another, are 
iLTranged so us to 1>e partly shielded from a bright source of light by 
sliding screens. The tubes are observed from above through two 
thin prisms j. which bring their images together and produce an apjjear- 
uoce resembling that in Lire familiar hi&lf-aliiidcHV pularimeter. The 
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unknown quantity of dissolved substance is precipitated ae a faint 
Opalescence in one lube by means of suitable reagents, anti a known 
amount, treated in exactly the same way, h prepared in the other. 
Each precipitate reflects the light; the tubes appear faintly luminous. 
If the lubes show like lints to the eye when the screens are similarly 
placed, the precipitates may be presumed to bo equal in amount. In 
cm® of inequality of appearance, the changed positions pf the screens 
necessary to produce equality of tint give a fairly accurate guide as 
to the relative quantities of precipitate in the two tubes. Traces of 
substance, winch are too attenuated to be caught on any ordinary 
filter, may thus he estimated. 

The two errors obviated by these simple devices, namely, the 
presence of residual water arid the loss of traces of precipitate, respec¬ 
tively, have perhaps ruined more previous investigations than any 
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other two causes, unless the Inclusion of foreign substances by pre¬ 
cipitates may be ranked as an equal vitiating effect* Bui Llies^ are 
merely details, The scope and method of the recent work on this 
subject at Harvard (in the course of which 30 atomic weights have 
be.mi redetermined) may be seen in their full bearing only in the original 
papers. 1 

That the atomic weights may he connected by precise mathematical 
equations seems highly probable; but, although many in lores Ling 
attempts have been made to solve the problem, 3 Lite exact nature of 
such relationships has not yet been discovered. No attempt which 
takes liberties .with the more certain of die observed values is worthy 
of much respect. It seems to me that the discovery of the ultimate 
generalization is not likely Lo occur until many atomic weights have 
been determined with the greatest accuracy* No trouble being too 
great to attain this end, the Harvard work will be continued indefi¬ 
nitely, acid attempts will be made to improve Its quidiiy t for die dis¬ 
covery of an « xacl mathematic itl relationship between atomic weights 
wonbi afford us an immeasurably precious insight into die ultimate 
nature of things. 

But weight is only one of lhe fundamental properties of an dement 
Volume is almost, if not quite, ns important in its own w ay, although 
far more variable and confusing. All gasos, Indeed* approach 
closely to a simple relationship of volumes, defined by the* law of 
Gay Ltifi&ac and the rule of Avogadro, and well known to you all. 
In lho liquid and solid elate, however, great irregularities are mani¬ 
fest, and very little system os regards volume bgenerally rccognized- 

About 12 years agu, the study of such small irregularities as exist 
among gases lad me to the suspicion of it possible cause for the 
greater irregularities in liquids and solids. 3 On applying van dor 
Waaia's well-known equation to several gases, in some tentative 
and unpublished computations, it seemed clear that the quantity b 
is not. really a constant quantity, but is subject to change under 
ihe influence of both pressure and temperature* This conclusion 
bos also been reached independently by van der Waals himself. 4 
But if the quantity b (supposed to be dependent upon the space 

1 An ImpnrtmiE port In Hum ruraichcs hu bom Katora b j 0. F. B&*i4r, wad WJ Abfcfl itudW* ibo haw 
FHrihiaJ Lbs on that In itn work. A complete btbUofcmpdi j La kLtto Ld Fu btkaHohA Cmtmglei Iavtlfulioa of 
Wuhln£Um H Inin, No. HI, p, V-L Mo*t at the popen art raprintM lo full in a to! cuds CDtltlsd, ** Hijwtl- 
mcntelk Uutnndaunicai Utter AXvmtftlrtehtoJ* by the HiitOor nod bii eaU&bor&tefi (Uitetwt, VXj$h 
tfc* Cartwgl* Itiilliliatlaa of Wiuiiingtan tLU rpncrowly feubddktfd; lb* vtatk tet iwcat jan, 
i B0*wJ*dMly £c£ucb. iiiO lciu., hB7 t tdI. 14, p. GA. 

“Rkluinl!, TJtih BlfatELsUiw of Chong* og A turn b Volume, Fncwdlnp AUttricui Acttdemjp. l£Wl. voL 
ST, p. l; 19M, voL 37, p, 3W; 1HQ. voL ». p. W; JBM, wL *5, p. WtP*. VbplkiL Chnm., ItoL 
«. rp. ISO. wr; Iffifj, voL p* U#S M«p toI. ■», p, ML 
i Van dor WaaI*. Zfiisch, phyitad, Cham., .lwi, toJ. 31, p. $57. Hu flArlkr puhlUnUot] tfi tfci-i topi* 
(P«r. K, Xk*L WeteDKfc. Anuterdens. Vm, TCL 39. p. 1SS} ™ unknown to me at that tlnm* S» alw 
l i TOTediagS Ainadcmn Aradra^, IKK*. wt 3£ T p, 2L 
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actually occupied by the molecules) Ls changeable,. arc not the 
molecules themselves compressible 1 1 

Tho next step in the tram of thought is perhaps equally obvious. 
If chaQge^ in tho bulk of molecules aro to bo inferred even from 
gases, may not the expansion and contraction of solids and liquids 
afford ll much belter duo to the relative expansion and cent ruction 
of these molecules t 

Most phpicid chemists refer idl changes in volume to changes in 
tho extent of the empty space between the molecules. But are 
there, after all, any such empty spaces in solids and liquids? Solids 
do not behave as if the atoms were far apart within them; porosity 
k often conspicuous by its absence. Take, for instanco* * the case of 
glass; the careful experiments of Landed t on the conservation of 
weight 2 show that glass is highly impermeable to oxygen* nitrogen 
and wafer for long periods. Such porosity as occurs in rigid* com¬ 
pact solids usually permits the passage only of substances which 
enter Irvio tho chemical structure of the solids ihemselTcs + Thus, 
nitrogen can not free itself from imprisonment within hot eupric 
oxide, although oxygen can escape; s again, water can not evaporate 
into even the driest of atmospheres from accidental incarceration 
in crystals lucking water of crystallisation.* Palladium* on occluding 
hydrogen, is obliged to expand its bulk in order to make room for 
even this small addition to ita subnan.ee. The behavior of platinum, 
nickel, and iron is probably analogous, although less marked;* 
Fused quarts* impermeable when cold, allows of tho passage of 
helium and hydrogen at high temperatures;" but most other gages 
seen* to bo refused admission and very many solid substances appear 
to net as effective barriers to the passage of oven hydrogen and 
helium, especially when cold. In these cases p m in so many others 
the so-called sphere of inllurnco of the atom k the actual boundary 
by which we know the atom anti measure its behavior. 7 Why not 
call this the actual bulk of the atom? 

From another point of view, the ordinary conception of a solid 
has always seemed to me little short of an absurdity* A gas may 
very properly be imagined with muring particles far apart, but 

i Von Aw Waftti ciwaiig(a!j% taima cantdtti&o, a* to th& prelaw* of ibe 

m^lnr.Um on p. 2 jO at Lb* paper dtol nbam 

* U. IrOJiiJalt, t'rljrr :!±n KrlfcuJ I idu; «tfT JdiSMi 1j-£ thttii. I.'lfci WtUd-E’i Lp. r 7 *n, \ h hnn- Lirma dtf fcutilgL, 
PPfQal. AJluL i]fT W'iigrtii<itiikfliTft r If]#. 

* HUrkar-dn, Kel t&rfa, amir Ftmti ., U05, tbJ, t, pi iW; Frawtilnp Am&trnn Atadtmj, 1 (fig, iftL 31, |h XO; 
Ibid, UM, Y**]- 3 h, p. 3 M. 

i poker irod Adlans, JoUEnuO CfceJialcsil TmiM&ftlotfl, TUI], irk W* p. &T7, 

* OMiAfrEi md ttidu, Publlrattam C*nvs*i* tstiUn, 1^0fi h Xo, et. 

■ JHquanKt smj lWr,TgL 144, p. 1S6, 

f St™ Usee® Ideas wnrn fieri *£|iraiu*ri. Eaikswam! Cape hair* trtw^hl ftrrrad nsnrh, lnErnsttog **idjftwo 
gwembi lb# sljfEilfleuK® of thfr votmnes M eoli-.U and d^fiias, Vhlch inpparti llae Idea Out the urnna 
or* rlirrlf !u rubijet ititli one oswllucr. £TiTMDSr, 1906, ttlI. .«>, p, Je7j; 1W7„ toL 91, p JLMJ; l£<*, vt>4. 
il imi im r wL w, ^ apaj 
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whftt could give tho rigidity of steel to such mi unstable structure? 
The most reasonable conclusion^ from all the evidence taken together, 
aetima to be that the interstices between atoms in solids and liquids 
must usually be small even in proportion to the size of tho atoms 
themselves, it, indeed, there are any intmsiioes at all* 

Very direct anti convincing evidence of another sort is at hand. 
The idea that atoms may be compressible receives shikmg conih ina- 
tion from a recent interesting investigation of Grthmken 1 concerning 
1 ho small effect of low temperatures on tho compressibility of mends. 
Tho average compressibility of aluminium, iron, copper, silver, and 
platinum falls oil only 7 per eenf between the temperature of tho 
room and that of liquid air* Extrapolation of the curves indicates 
that at the absolute zero very little further diminution should occur* 
As far as we can guess, therefore, the hard metals are almost as com¬ 
pressible at the absolute zero as at room temperatures. But at the 
absolute zero all heat-vibraUnii k supposed to stop; hence this 
remaining compressibility mmt needs be ascribed to the atoms 
themselves* 

If the atoms are compressible, all mathematical reasoning which 
assumes them to be inrompressibta rests upon a false bosk* The 
kinetic theory of gases remains unmolested by these considerations, 
except ns they indicate the changeability of h in the equation of van 
der Waals, but the new views affect seriously the application of this 
equation to solids and liquids. 

Let us proceed to trace a few of the outcomes of our hypothesis* 
If atoms may really be packed closely together, the volumes of solids 
and liquids should afford valuable knowledge concerning tlie relative 
spaces occupied by the atoms themselves under varying conditions* 
The densities of solids and liquids then assume a significance far more 
interesting to the chemical philosopher than before, because they have 
a more definite connection with the fundamental nature of things. 

An apparent objection at once suggests itself; if the particles in 
condensed material are really touching one another, how can wo 
account for heat within the material? Would such closely packed 
atoms bo able to vibrate? 

The theory of compressible a turns supplies as one of its own corol¬ 
laries the immediate answer to this question* If atoms ore com¬ 
pressible throughout their whole substance, they may contract and 
expand, or vibrato within themselves, even when their surface- are 
prevented from moving by being closely packed together. It is thus 
possible to conceive of a vibrational effect, even, in contiguous atoms, 
provided we can conceive of these atoms as being elastic tliroughuut 

IE* arQuEsaa* Alta. Pkjad k t tm ffvfc VOL 33, p. 1OT, TI» rtlitlt® ralna lor llw nriviraMltttai 
tmtdM in tldilnvKlE^tUrti **& doubllua Irraimtfcy, dtilumgji ningultad** aw mwM 

Uturmain Imk™* depend on ihv littim Infchqnat* thnt*? at daitldtj 1 . 
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all thdr substance. Agitation sufficient to produce even the Brown¬ 
ian movement, might easily exist in such a system. 

Clearly there is nothing impossible or obviously contmeiiotory to 
experimental knowledge in the notion that atoms are compressible; 
t indeed* * the old idea of small, hard particles far apart is really more 
arbitrary and hypothetical than the new conception. The obvious 
simplicity of the latter is rather in its favor than otherwise, as in 
Dalton's atomic theory* In general, the more simply an hypothesis 
interprets the phenomena of nature, the more useful the hypothesis 
is likely to be. provided, of course r that the interpretation is adequate* 
The modem philosophy of pragmatism is a good guide in such mutters; 
a theory not obviously illogical should lie judged by its usefulness* 
Let tia then test the new hypothesis by applying it to other aspects 
of physical chemistry* 

If pressure produces a change in the sizes of the atoms and mole¬ 
cules themselves, may not the actual volumes of liquids and solids be 
used as a guide to the unknown interna] pressures within them? 
Can not we thus discover whether nr not chemical affinity exerts 
pressure in its action I To follow tins due, the simplest possible case 
was chosen at first* namely* the comparison of the contractions taking 
place on combining several elements in succession with a single very 
compressible one. The changes of volume occurring during the for¬ 
mation of oxides were first computed; later, chlorides and bromides 
were studied. According to the theory of compressible atoms, we 
should expect; to find greater contraction in cases of greater affinity. 
The diagram (fig, 2), which depicts typical data concerning certain 
nearly related chlorides* strongly supports this inference, 1 One of 
these lines shows the total change of volume which occurs when a 
gram-tool mile of chlorine combines with the equivalent weight of 
metal; the other gives the heat evolved during combination. The 
lines show r distinct parallelism; that is to say, reactions evolving 
much heat manifest great contraction* In cases of this kind the 
heat of reaction k usually not veiy different from the change of free- 
energy; therefore wo may infer that greater affinity is associated with 
greater contraction; and It is but a small leap in the dark to guess 
that the change of volume is caused by the pressure of affinity. 
Since chemical attraction holds two elements firmly together, why 
should it not exert pressure? And if it exerts pressure* why should 
not the volume of the system be diminished by this pressure? 

This interpretation is not wholly new. Faraday's great teacher, 
Davy, 3 pointed out for the first time a similar fact, namely, that the 
contraction which takes place on forming the mode of potassium is 

f CnwsStpjpi Amerim AwvSrjnj, lK£, ¥-qL 37 F p, m; al», EpfucWlT, RfctHitlj and Jofira, 

jHHtrtiat Anirrirui ltKP, ToL XI, p. 1#9, 

*HuH]phJ7 OiTy, Ct4lj?ctH Wpflti, im t r6{ r ^p r m (fcotiuir)* 
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prcaiiT than tin* * contract bn which takca place on forming ecveral 
other oxides, and he usriibed this eflcrt to the well-known differences 
of aflinily in these oases; but he diil not cany the idea further. 
Long afterwards, Braun. 1 Mueller-Erzbach/ Hagetnann,* andTmube/ 
independently and apparently without knowledge of each other's 
work, rathai attention to other eases of similar relationships- 

All id tlie-so researches have produced so little effect on the litera¬ 
ture of tlifl subject ■ dial they were entirely overlooked during tins 

COMPARISON of HEATS OF FORMATION of CHLORIDES 
and CONTRACTION ON COMBINATION 



200 

CAL 


HEAT OF FORMATION 


ON COMBINATION 


20 - 

10 


0 

nc.i 

* 

earlier part of the present invest Ration. The oversight mattered 
little, however, because the whole subject needed a finish attack. 
Essential factors in t lie situation had not been noticed by any of 
these curlier investigators. Affinities^ indeed, had been considered, 
but die nature of the substances on which the affinities act bad been 
overlooked. Evidently the change of volume in any ease must de¬ 
pend nut only on the intensity of the pressure exerted by the affinity f 
hut also, among other tilings, on the compressibility of the su1> 


■ V. Braun,» Johnson, JwirftsI Ol*wlc*i Socte-tf ffioaortlaro , 197T, Tf»l. 31*p t m 
1 Uiut^EriWi, lier .^ d. dMtRb. Ch, Qm~ r Itfll, Tdt I4 t pp- -I", W3. 

1 lU^crnson ipriTato jiubbeaiiuis* IrriwllEeHln-, Berlre, IMR, 

* Tniiqbc, L'eber iJrn K&Lint <Jer AtacHr* Ahraai'a BonmitiinE 4 ft cha t i , tui 4 daortL-bidm. V<jrtj*s*h toL 
i F p.536. 

* B« J far «Bmple r d luuMs Jit (Cl^rTriclMO CSemla, 18W P p. 135. 
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stance concerned. The greater the corapresribillty, the greater 
should be the change of volume caused by a given pressure of affinity* 
Before any definite conclusion can be drawn, the difference* in com¬ 
pressibility must be taken into account. 

Tliesc thoughts led to the measuring of the compressibilities of a 
large number of elements and simple eompounda. 'rite previously 
employed methods for solids and liquids being unsatisfactory, a new 
and highly satisfactory method was devised for the work done at 
! lurvarch Pure mercury is «■■■ impressed in a suitable tube, measuring 
both pressure and change of volume, and then most of tlie mercury 
is displaced by the substance to be studied, again noting the rela¬ 
tionship of pressure to volume. The difference between the com¬ 
pressibility of mercury and that of the substance is then easily cal¬ 
culated* Obviously, in such a method as this, the compressibility 
of the apparatus itself is eliminated. The relation of volume to 
pressure is easily determined by causing the mercury meniscus to 
make electrical contact with a very tine platinum point in a tube of 
narrow diameter,, adding weighed globules of mercury, and noting 
tlie corresponding pressures. * 1 Time forbids the description of the 
details of the procedure* 

The ri.mpre.--vL hi lilies of 35 elements arid many simple compounds 
were studied by tins method with sufficient care to leave no doubt 
a* to their relative valuer It became at once manifest that the 
formation of a compound of a compressible element was attended 
with greater decrease of volume than the formation of a similar com¬ 
pound of a less compressible demont, other tilings being equal- 2 * 
Tlsis is Just what the theory leads us to expect, and is a fact inexplica¬ 
ble by any other hypothesis as yet. known to me, 

Another essential aspect of the theory of compressible atoms is 
that- which concerns cohesion/ if die pressure of chemical affinity 
causes atomic compression, may tint the pressure of cohesive affinity 
also have the same effect? Traube suggested thb possibility, but 
looked at die winds question from a different {joint of view. 4 The 
Affinity which prevents solids and liquids from vaporizing is genendly 
admitted to produce great internal pressure; must it not tend to com¬ 
press lire molecules into smaller space ? Molecules with high cohesive 
affinity (those of subrtanoas hard to volatilize) should be much com- 

k Rk’hDJMln. 3s frcUabffraMoA with. 8inll, 7^**1 , PfirUc„ Mithewi. Jqqh, E £*?«*, FubHslkm C rvrcvnjrto 
Inalltulfl of Wuhtuctonr New.7 mJ TS; Journal A™rtamChctnknj Kt«cLeljr h ISM, voL 3T, p.SW: I'JCk toL 
33 p D, 15*; ZtLl«lu I* filial. CiiFm., t«H. rel. W h p. 1; UOI, toI. U1 f p. TX. 

1 aidurdi, ItarecHltact Anwricsn Ara4em j p IftH, tbL 3S p p.&ll. 

owa. 

' £h wpwUllj, Trtfclt* Afflk rhjiEk^lHW, (tiDpTvL ftl, p, SS3; IWfl TUl.fi; p + fi*S: 1*»i vol. a. p. 
2GT; l«Ef r **], 23, P- £lf; EfiltKfi. phyr^. Cham., IQ] ft, p. ISO; al» WatJert, YMUvh. pbffftsL 

dim. p IW, T*1 ■ l» P P. rn Their InlcrpTfltAtkm ilrpth :ii Huffily <m ttur t^Unlion of Tan drr WnalC* 
iqUvtloO Mil the ctjmpLl^ibijE MmptlQa of a«tvoltniwj; twwmpr F Wtddta'pi t^fj eecrat paper prcumti a 
nnrnluT of Ln i rrert :n - =fl<l important fcMtara curuurmn# LiEmiiJ jiTrarara, wh ich wm So denum.! lUc 
ELsauzupUoD uf atomic coniprcjaibLlstj lof the if explaiallftn- 
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pressed and possess sin all volume, w hereas molecules with a sligh t 
cohesive affinity should he more bulky. Moreover, those molecules 
already much compressed by their own aelf-aflinity would nattiroQy 
ba but httlo affected by additional pressure. Thus, a* regards two 
substances otherwise similar, the less volatile one would he less com¬ 
pressible, denser, and posses greater surface tension 1 These out¬ 
comes of die theory agree with the facts in SO percent of the coses thus 
far studied; fur example, ^xylene is dermer, less volatile, less corn- 
pressiblcp and possesses a greater surface tensiott than cither m-xylene 
or p-xylime,* Different of structure and differences of chemical 
nature sometime** conceal these relations; the parallelism appear* 
most strikingly among bameric compounds, in brief, the bulk of 
evidence strongly indicates that cohedvenesd as well as chemic al 
affinity exerts pressure in its action, ami hence that each plays a part 
in determining die volumes occupied by molecule*. 

Thus the computation of the space occupied by either a solid or u 
liquid becomes a very complex matter. Not only must the various 
chemical idilnities at work be taken into account, but also the co¬ 
hesive al traction of both factors and products, and the compre^i- 
billiic* over a very wide range of all the substances concerned* re¬ 
coverable pamlJrtbni in volume changes b to be expected only when 
one alone of these tendencies is the chief variable. 

The exact mathematical working out of the consequences is very 
far in the distance, if, indeed, it can ever be attained. This fact does 
not, however p militate in the least against the plausibility of the idea. 
Although mankind has net yet been able to devise a method of mathe¬ 
matical analysis which will solve at one stroke the gravid titimd rela¬ 
tions of throe bodies, nature not on that account prevented from 
causing Uureo or more bodies to act on one another with the force of 
gravity; or astronomers from calculating as nearly as may be die 
consequences by a process of approximation. 

Carried through to its logical conclusion f the idea that atoms are 
compressible gives one quite a new conception of die molecular mo- 

■ Rlc-hPtfdi Hd F&THfcBi, ClifEL, Ift», ttil.Gi, p s *». 

■ With llm fce]j> d! C. L.BJwj*ps 1 luv* IbatoOTfltrtan'to wii h graUttra. The Htfritui™ 

UELunullr pura r ihfli p-xykna *1 Uja* The ArthJla wDl be jmbLls2j*l m twn m p««lhta fc The r>- 
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chanics of the universe. The influence of atomic compressibilities 
nmy bo perceived everywhere, and in most cases mb fact seems to fit 
easily and without constraint Lnio iU pluco in the hypothesis Even 
apparent exceptions, such as the abnormal bulk of ice, may be ascribed 
in tv reasonable fashion to superposed dTecte, A detailed discussion 
of many applications of the theory is impossible here, but a few may 
be suggested in order to moke cltairer its possibilities. 

The satisfying of each valence of an atom would cause a depression 
on the atomic surface, owing to the pressure exerted by the affinity 
in that spot. The stronger the affinity, the greater should be Uik 
distortion. Evidently this conception gives a new picture of the 
asymmetric carbon atom, which, combined with four other different 
atoms* would have upon its surface depressions of four unequal 
magnitudes, and bo twisted into m unsymmctricol tetrahedron. Tho 
combining atoms would be held on the faces of tho tetrahedron 
thus formed, instead of impossibly perching upon the several peaks. 
According to this hypo ihesk, the carbon atom need not 1ms imagined 
il 5 n tetrahedron in the first place; it would assume the tetrahedral 
shape when combined with the other four atoms. One can easily 
imagine that tho development of each new valence would change 
the affinities previously exercised, somewhat as a second depression 
in the side of a rubber ball will modify a forcibly caused dimple in 
some other part. Thus a part of the effect which each new atom 
baa on tho affinities of the other atoms already present may be 
explained. 

Many other physicochemical phenomena assume a new aspect 
when viewed from the standpoint of this idea, Kew notions of the 
mechanism of the critical phenomena, surface tension, duct idly, 
malleability, tenacity, and coefficient of expansion are gained. The 
peculiar relations of matcrifd and light, such os magnetic rotation* 
fluorescence, partial absorption, am] so forth, umv bo referred to 
the modified vibration of distorted atoms, Tho deviations from 
the exact fulfillment of many older generalizations eonccniing volume 
(such as the equation of van dor Weals already cited, tho comparative 
volumes of aqueous solutions, especially of deal rnlyti cully disso* 
dated imhstanceV and the variations in the crystal Itiran- of komur- 
phous substances) arc seen to bo a foregone conclusion. Moreover, 
the theory, although not necessarily dependent on tho modem belief 
that atoms are built up of numbers of much smaller corpuscles, k 
consistent with that belief, for would not such an entity be 
compressible f 

The more closely the actual data are studied, the more plausible 
tho hypothesis of compressible atoms appears. Ten years' experience 


1 Ei:m(€ f hu T*t? trxrnUT lb I* tnat1*f from Ih# point af view <U lb* iliewjr *f eompjs&sttik 
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with its interpretations li'inh mo to fed that the idea is highly sug¬ 
gestive and helpful in stimulating new search after truth and in cor¬ 
relating and codifying diverse facts. By such fruit are hypotheses 
justified. 

The relation between heat of reaction and change of volume 
stimulates interest in chemical thennodynamies and curiosity as to 
the mechanism of the output of energy during chemical diange. A 
search for accurate data wherewith to reason about this question 
soon revealed the uncertain nature of many of the figures, Here, In 
the domain of thermochemistry, as in those of atomic weights and 
compressibilities, new methods were needed in order to attain pre¬ 
cise results. Accordingly, a device was adopted which at one stroke 
anmlnlales the pernicious ' f cooling correction"—the worst foe to 
accuracy—by merely causing the temperature of the jacket around 
the calorimeter to change in temperature at the same rate as the 
colorimeter itself. There are several ways in which this may be 
accomplished; among these ways the following was chosen as the 
best method Tor a chemical laboratory. The calorimeter, inclosed in 
a slightly larger water-tight vessel, with tubes above—a kind of sub¬ 
marine—is Immersed under the surface of dilute crude alkali in a 
puii. Thermometers inside and out enable one to adjust the tem¬ 
peratures at the same point. The reaction is then started in the calo¬ 
rimeter, and at the same moment and at a corresponding rate acid 
is dropped into the dilute alkali in the pail, so that the two tempera¬ 
tures inside and out keep pace with one another. Thus there is no 
loss of heat from the inside vessel; the thenTiochemical reaction is 
strictly adiabatic. This method has already been used at Harvard 
with very encouraging outcome in detenuining a wide variety of 
ibormocheniieal data, heats of combustion of hydrocarbons, of solu¬ 
tions of metals in acids and of neutralization, specific heats of solu¬ 
tions, and also of the element# at very low temperatures, ami finally 
latent heats of evaporation. 1 It has proved itself especially valuable 
in the study of slow reactions, where the cooling correction may 
become a largo portion of the total result. The effort is being made 
to apply to this experimentation concerning chemical energetics the 
same degree of care which has recently been attempted In the revi¬ 
sion of die atomic weights, and although on account of tho greater 
complexity of the problem tho percentage accuracy thus far reached 
has nut eqmded that in tho case of atomic weights, one can not heip 
thinking that the proportional gain over previous investigations is 
perhaps as great in this case as in the other. 

* Tildunb, Sn rglla.bam.tina wfctb Fartm, F«vmi t Maibflfri, Jesw, Iltlfffei, and 
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In thennocheuikuil reasoning particularly, accurate dtttu possess a 
significance wholly denied to cruder results. The relations between 
the heat of formation of organic substances, if determined accurately 
enough, may be hoped to throw light on organic structure and t be 
nature of valence. Approximate values are of nn use at all for such 
a purpose. Enough has been done already to suggest relations of a 
highly interesting sort between hems of combustion, heats of evaj>o- 
raiion, compressibility, and many other properties; and !<■ add sup¬ 
port to the theory of compressible atoms. 1 * 3 * 5 Moreover, taken in con¬ 
nection with more precise knowledge of the free energy of chemical 
changes, the new results will permit the evaluation of bound energy, 
and give results which may decide whether or not hound energy h 
really a simple function of change of heat capacity, m has been more 
[ban once intimated/ There is t ime now only to suggest possibilities, 
each of which would Lake hours to elucidate. 

IIow can we collate all the varying properties so as to show their 
many-sided relationships ? JTow can we piece together the scattered 
evidence so as to synthesize tm at(equate conception of the ultimate 
nature of things? These questions may never he adequately 
answered, bur science must ceaselessly endeavor to solve the problem 
which they present. 

A firsi step is clearly to hud the way in which each property varies 
in relation to every other- With this in mind, lot us appeal to the 
irregular system qf the periodic classification r which formed the sub¬ 
ject of the Faraday lecture by McmJrifelT 22 years ago, Tim mys¬ 
terious index of uncharted tendencies must hide within itself guiding 
ideas capable of pointing us onward. 

Clearly each property must receive, not merely qualitative, but 
strictly quantitative treatment. With this in mind, let us compare 
our various facts by plotting atomic weight in quo direction, and ail 
the o tiier pro perries in another. Then by noting the p&niJMisin or 
anti parallelism of the wavy Hues many relationships may be traced. 
The device h not new. Camel ley compared Lotliar Meyers atomic 
volume curve with that of melting points, and other similar data 
have been plotted; but the method has not been used to its full 
extent. 

Let us then turn to the diagram (fig. 3) in which the variations in 
a number of properties are plotted with relation to the atomic 
weights. Prominent among the lines b iho atomic-volume curve j usL 
mentioned. Below it is plotted the almost, parallel line depicting the 
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ATOMIC WEIGHT- 


com precis Utilities of ihv. solid elements as determined ul Harvard; 
these are rnimedhiLcly Fern to be, like the atomic volumes, periodic 
functions of the atomic weights. The parallelism can nnf hut suggest 
that, atomic volume and compressibility are fundamentally conned ed; 
and, indeed, the theory of comptosfflible atoms gives a plausible 
explanation of the cornier tion. We should expert the large atomic 
roiumes to he more compressible, because we might infer from their 
hulk that they are not under as great pressures ns the small volumes, 
and material under slight pressure is likely to be easily compressible. 
Moreover, I he bulky and easily compressible elements arc in most 
celscs more easily melted and volatilized than those possessing small 


volume and slight- compressibility. This is just what wc might 
expect; all these properties combine to indicate that the bukly 
elements have 1ess cohesion than the compact ones* 

Next, another set of wave* may !>□ considered, reprinting proper¬ 
ties nut often depicted in this way* These are the beats of formal ion 
of sundry similar compounds, also plotted with relation to the atomic 
weights* In the third curve are given the heats of combination of 
chlorine with other elements, and below it a heavy hue depicting 
the heats of the combination of oxygen with these elements, both 
Bets of quantities being expressed in terms or gram-equivalents* 
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* fhmsA t>vti run partly parallel with one another; but a deviation 
in the parallelism appears, which la full of suggestivencas* The 
peaks of the curves representing oxides shift distinctly to the right 
of the curve representing chlorides as the atomic weight increases. 
Lithium marks a maximum with both curves, hut the oxygen curve 
greatly at the succeeding peaks, having its maximum wdlh lan¬ 
thanum at the atomic weight 139* * 1 and shifting over as far as lead 
above :200. Tins simple fact standing alone would perhaps mean 
but lit tie p but other similar facts seem to point in the same direction. 
For example* the property of electro-positivenc^p exhibited by the 
alkali metals, instead of reappearing in copper* has been carried over 
with diminished intensity to zinc; and finally, among the higher 
atomic weights the cusp baa deserted mercury (the analogue of able) 
and gone as far afield ns thallium. Clearly the rate of progression 
which determines electro-positiveness has a longer "waYe-Jangth" 
then that which determines valence, if we may describe the perio¬ 
dicity of these zigzag curves as waves* Again, the tendency toward 
low melting point unquestionably likewise progresses with a longer 
"ware length” than most of the other properties. In the first 
complete period, nitrogen, oxygen, fluorine, and neon all have very 
low melting points. At each recurrence of these groups with higher 
atomic weights the melting point rises, whereas with each recurrence 
of the immediately following alkali metals the melting point falls P 
By the time antimony is reached, this analogue of nitrogen has a 
melting point as high as 900° absolute, whereas the next alkali metal 
has the lowest melting point of all these metals* Clearly the prop¬ 
erty of melting has shifted toward the right. Other examples of a 
similar Mud have been pointed out by others, for example, the well- 
known displacement from strict periodicity of argon* cobalt* and 
tellurium all point to an unequal rate of progression in isolated cases. 
Thus, this phenomenon seems to he a general one; the various prop¬ 
erties of material seem to oscillate with varying rhythms as the 
atomic weights mcreEL^c. The variation Ls so great that one may 
almost suspect not only varying rhythms hut also rhythms repre¬ 
sented by different types of mathematical functions. 

These fact* suggest a possible reason fur the great irregularity of 
the lost part of the periodic table* May it not bo that the nature 
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of the elements Is determined by several fumjamental tondendefl 
which may bo compared to the Mandellan characters of the modem 
theory of heredity t If these characters recur at different intervals 
m the atomic weight increases, a given rhythm occurring at first 
would necessarily bo obliterated toward the end of the system. To 
change the analogy and borrow a term from the nomenclature of 
light, we may say that the tendencies which produce the curves m 
this diagram, might first reenforce and afterwards interfere with one 
another, because they possess different wave lengths. At first, 
overlapping might accentuate one set of properties; later the changing 
roUtloA might annihilate this set of proper ties and cause another. 
Thus, all the varietiea of material may bo functions of some few 
fundamental characteristics which progress at different rates ics the 
atomic weights increase* 

Any attempt to discover the nature of these fundamental tenden¬ 
cies must be of a highly speculative character. In our ignorance we>. 
can not distinguish between cause"and effect. The well-known defi¬ 
nite relations of the spectrum lines suggest that at least on* of the 
essential requirements for the existence of an atom may be suscep¬ 
tibility to certain definite harmonic vibrations; those compressible 
atoms capable of vi bra ting in certain rhythms may he permanent, 
whilst other aggregations may be unstable. The gap in the periodic 
system where ekaiodine and ekaea^iimi should be, and the amazing 
instability of the elements immediately following, supports the 
notion. 

But here we have « cosmic puzzle for future solution* Today we 
lack adequate data} wo are blocked at every turn by our ignorance; 
therefore, the immediate problem is to discover and lest each stop 
as carefully ag possible. When the farts have been ascertained, 
man will have a solid basis upon whkh to build hb future super¬ 
structure of theoretical interpretation. 

The quest Is not dictated by mere curiosity alone. All organic 
life is actuated by chemical energy, and exists in a mechanism and 
environment composed of chemical substances; and the effort to 
understand these essential conditions of human existence constitutes 
one of the most important objects of human endeavor. Superficial 
observation of the complex phenomena of Life can do but little; m 
Faraday well knew, patient study of the fundamental lavs of tho 
physical universe alone can help to unravel the interwoven threads. 
Health, well-being, and a profound philosophic outlook are alike 
dependent upon the result. No one can predict bow far we shall be 
enabled by means of our limited intelligence to [jcnetrate into the 
mysteries of a universe Immeasurably vast and wonderful; never¬ 
theless, each step in advance is certain to bring new blessing to 
humanity anti now inspiration to greater endeavor. 


THE PRODUCTION AND IDENTIFICATION OF ARTIFICIAL 
PRECIOUS STONES. 1 

jyrah 3 piikt^s,] 


By Noel Heaton, B. Sc. p F. C + Sf 


During recent years the product ion of artificial stones on a commer¬ 
cial soal 0 has become an accomplished faict,, mid a great many miscon¬ 
ceptions and misleading statements have been made as to the relation 
wtiicli tlicse productions bear to natural products on the one hand and 
imitations gems on the other. It may therefore b# of some use to 
make the matter dear by describing as fully as circumstances permit, 
what has been done in this direction and what has not been done; 
whal is practicable and what is impracticable in the present state of 
our knowledge. 

1 suppose there ore few subjects of interest from so many points of 
view as that of precious stones. The beauty and rarity of fine speci¬ 
mens has from I ime immemorial rendered them the most treasured of 
possessions. With the romance tlmt surrounds this aspect of the 
question we have nothing whatever to do to-night, except to bear in 
mind that on account of their great value men have for centuries 
strained their ingenuity to solve the mystery that surrounds the origin 
of such stones, and amass wealth by producing them at will ins (cad of 
by the laborious and highly speculative process of digging for (hem 
in the earth. 

Until the development of modern science and accurate met hods of 
investigation this problem resisted all attempts at solution, and it is, 
in fart, only within the last few years that the artificial production of 
any spedea of gem on a commercial scale has become practicable. 

Of course, one can cut the Gordian knot by preparing a colorable 
imitation of the real thing, but that h quite another matter, and 1 want 
to make it quite clear at this point that I propose to limit the term arti¬ 
ficial pr to such productions as possess the same chemical composition 
and phyaicial constants os the naiiiml stones, differing from them only 
in minute details consequent upon their being produced in the labora- 
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tory instead of being dug out of the earth; till other makeshifts being 
properly described as "imitations." The production of imitation gems 
is by no means a modern invention, as is doubtless well known to you. 
To go no further back tbiin the time of the Roman Empire the master 
gla^niakora of s he dawn of our cm* * whose skill and knowledge of glass- 
making one appreciate more Highly the more one investigate* the 
industrial life of those times, were able to imitate almost any precious 
stone exactly, as far us outward appearance went, in colored glass— 
and not only the transparent gems, but the structure of such semi- 
precious stones as agate, cornelian, lapis, and porphyry* It w ould be 
quite out of place to devote any time to-night to this historical aspect 
of imitation gems, hut 1 can not refrain from alluding to the remark¬ 
able examples of such imitations found by Mr. Woolley at Karnnog/ 
front which it h difficult to resist the conclusion that in quite curly 
limes Nubia wm the center of t his indmLry* To judge by the stories 
one reads about jewels in those limes—stories of ihe Emperor Com- 
nenus T for example—one suspects that the glass makers turned their 
skill in this direction to some account and consideraido profit on behalf 
of an ignorant and somewhat credulous aristocracy; for in those days, 
und, in fact, until quite recently, not only was the nomenclature of 
gems very vague, but mot hods of ident ifleation were chiefly remarkable 
for their non existence. 

The chief criterion of a precious stone w r as its color, so much so that 
throughout medieval times blue glass was known as sapphire and 
green gloss as beryl, giving ri m to the legend that in the lime of 
Queen EUkatmLh windows were glared with sheets of beryl* As the 
tendency still lingers to regard all red stones as rubies and green as' 
emeralds, and $o on, X would like to make it clear at thk point that* 
color is really qtiiio an accidental property of precious stones; the 1 
substance of which nearly every species of transparent gem is essen- 1 
tinlly composed is colorless, and the color is really produced by minute 
proportions uf impurity. 

This being tho cose, we find that on the one hand the same species of 
gem stone may exist in a large variety of colors, and on tho other hand 
that a color characteristically associated wi t h one gam may often be 
found in another having essentially dilferent composition and prop¬ 
erties. Owing to this confusion it was very difficult to draw tho line 
between a genuine and imitation stone until the various apodes of gem 
atone worn accurately defined and their names clearly associated with 
particular composition and properties, the determination of which 
forma at the present time a means of distinguishing one from another, 
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and also of deciding whether an alleged gem is genuine or imitation 
with ease and certainty* 

The scientific ox am [nation and idem ilka lion of gems in this 
manner is a matter of the greatest interest, but it would lake far too 
much time to discuss it in detail, and it is quite unnecessary to do 
so, because it has already been brought before the society most 
exhaustively by our chairman r Dr, Mims* 1 I propose, therefore, 
merely to remind you of the main points by means of the accom¬ 
panying nummary (Table!), 


Taulk L—Pfppcrtiri influencing riw vnhu ef prtekmi viune* and u*xl aw nitvn# of 

tdmtifiaitwm* 


Color. 

rClwYa^, 

Structure 1 Lamination. 

Beauty.__{ llncliisnons. 

[Rflnctive power [refractometcr]. 
Double refraction [iwtariscope]. 
Optical properties h Flcochroifja [dichrcwrope], 
Dispcrskm. 

Absorption spectrum [■pwirottiip*}, 

{ tlMilne** [lumln^ points], 

Toughncsfl. 

i 'henJcat composition. 

[Sijicifie gravity. 

nw ““ <lf ia “ a 7Thcr™J conductfyit* 

.[X rays. 


In order to bring this matter up to date in the records of ihe 
sodetj, however, I must refer briolJy to one or two particulars in 
which advance has been made since the time of these lectures. 

The most important properties of a precious stone are those 
depending upon its refractive powers. Until recently the mvurato 
determination of the refractive index of a stone was n matter involv¬ 
ing the use nf complicated and expensive instruments p and n matter for 
the skilled nimendogist rather ihan the practical jeweler. It is 
true that at the time Dr. Miens published his lectures there existed 
an instrument known as the reflectometer, but the determination 
of the refractive index with this was a matter of some difficulty 
even in skilled hands, and its value for commercial purposes was 
very small. Since that time, however, thanks to the ingenuity 
of Dr. Herbert Smith, this instrument bus been improved out of all 
recognition, and in its place we have the Herbert Smith ref rat tom* 
eler (pi. Eg, l) $ by means of which anyone nf normal common 
act iso van determine the refractive index of a stone in a few seconds 
without oven removing it from its setting* and which, with a little 
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practice, will also enable one to determine with similar ease the 
amount and kind of double rdmciion and the degree of dispersion. 

As Trill be seen from the diagram (pi. 1, fig* 2)* Lho umiii princ iple 
of the instrument is the name ns that of iho reflectomoter, therefrac- 
live index being measured agninsl a standard of highly refracting 
glass by means of the angle of total reflecting which of course 
diminishes the nearer the index of the stone approaches that of the 
standard. It is, however, in the details of construction that, such 
a marked advance has been made* and it is these details which make 
fdl the difference in practical work. To use this instrument ?dJ that 
hits to be done is to place the stone under examination in optical 
contact with the flat surface of the dense glass, and arrange it so that 
a good light (preferably monochromatic) enters the instrument 
through the lower lenticular opening, when the refractive index 
is read off directly on a scale* without calculation. 1 

Some little advance has also been made in the construction of the 
dichroscope for determining plcochruism* As will be seen from the 
illustration fpL 1, fig, 3), Iho instrument In use to-day is provided 
with a revolving holder tipped with wax, to which the stone is readily 
fixed, leaving hath bauds free—a detail, but again ii is such details 
that count in practice. 

Taking the properties of precious stones as a whole* the great point 
about them is the remarkable combination of qualines; it is not so 
much that they have optical properties which make them extraordi¬ 
narily l>eautiful, or that they have remarkable hardness and dura¬ 
bility, but they have both, and it Is the impossibility of reproducing 
this com bin a li on in any other mat erial that renders t he detection of 
imitations a matter of ease In tho hands of anyone familiar wiili the 
facts. 

Of coum* glass h the obvious material to use in the production 
of imitation gems* and* as I have indicated, it has boon m used from 
time immemorial, And, in later limes, while science was equipping 
the expert in precious stones with the means of identifying them 
with certainty* the maker of imitations was also invoking its aid 
in the production of more successful imitations. 

In modern times I he manufacture of imitation gems on scientific 
lines was introduced by Strasser in Vienna; hence the iiume "atrasa/ 1 
although "paste" is the more commonly used term. 

The finest of such modem paste bears little relation to the clumsy 
imitations of early times; the glass is specially prepared in order to 
combine, m far as possible, the necessary optical qualities with a 
fair amount of durability. It is well known that by using lend 
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instead of lime as the bask- constituent the refractive index and 
dispersive power of glass ore much increased p and by replacing the 
alkali no constituent by thallium oxide in the same manner the 
refractive index may bo raised as high as 1.06 and the dispersion to 
CLG49J By adjusting the composition in this way, and preparing the 
gUas with the greatest regard to the purity of the materials, m amp il¬ 
ia ring it, moreover, in a similar elaborate manner to that employed 
in the production of glass for optical instruments, murder to secure 
the utmost freedom from striation and inclusions, it is possible to 
imitate any precious stone accurately, m far as outward appearance 
b concerned. 

The trouble is, however, that with glass the more you increase its 
refractive power in this way the softer and less durable it becomes, 
until you find that the very ** dense 11 dint used for the refract ometer, 
having a refractive index of 1.8049, is so soft that it has to be handled 
with great care to avoid scratches, and so little resistant to decay 
that in a comparatively short time the exposed surface becomes 
corroded, which is the one weak point of this instrument. It is true 
that this softness may be counteracted to some extent by further 
adjustment of the composition, adding a proportion of alumina, and 
aibci and by careful thermal treatment of the finished atone in some 
such manner as that originally introduced by Bastie, in which the 
glass is case-hardened by plunging whilst hot into a bath of oil. In 
some of the best modem paste I have found a refractive index of 
over 1,6 combined with a hardness dose on that of quartz, but tills 
is the absolute limit, and it is not possible in any way to obtain 
a paste that ran not be scratched with a hardened steel point. Paato 
can also be readily identified by means of the scientific teats, as indi¬ 
cated in Table II 
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The most important point to remember about paste, however, is 
its lack of durability; itis not only too soft to stand much wear, but its 
composition h so unstable that it rapiilly deteriorates and loses its 
brilliancy on exposure. You will see, therefore, that although there 
h a certain legitimate scope for such paste imitations they are very 
unsatisfactory substitutes for the genuine article. This being the 
case, os scientific knowledge hos advanced, attention has been more 
and more concentrated on the problem of producing by artificial 
means the actual minerals found in nature, and thus obtaining what 
I have defined bs artificial in contradistinction to inn tat ion jewels, 
having both the beauty and durability of the natural article without 
the oh j rational concomitant of enormous cost. 

The first point to be considered in attacking this problem is the 
composition of the stone, as it is obvious that, other things being 
equal, Die possibilities of success are greater with one of simple than 
one of comparatively complicated composition. One also has to 
consider, however, the economic aspect—ii b not much use devoting 
t ime and ingenuity to the production of an artificial atone when the 
natural one is bo common that the cost of the two would bo practically 
identical. 
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Taking these two points in conjunction, and confining cur atten¬ 
tion for tins moment to the transparent stones as summarized in 
Table III, the diamond appears to offer the most promising field for 
attack and corundum comes next, and we find that the main attempts 
at artificial production center round these species. From the point 
of view of composition alone, quartz is the most simple, but it is so 
common in nature as to render its artificial production scarcely worth 
while. The alum inale group offers some attraction, Aid the artificial 
production of crystalline silicates on a large scale is a very t id lie tilt 
problem, and, with the exception of the emerald, the stones com¬ 
prised in tins group are so freely distributed in nature as to render 
their artificial production a matter of academic rather than indusiiisl 
interest. 

It is unnecessary to discuss at any length the artificial production 
of the diamond 1 —tha problem has been attacked by numerous 
scientists, and was solved by .MoLwun some years ago, Somo 15 
years ago, on the occasion nf a visit to Paris, I Imd the privilege of 
witnessing the production of his diamonds, prepared, as oil the 
world knows, by saturating iron with carbon at the temperature 
of the electric arc and plunging the molten mass into cold water. 
The moss of iron is than dissolved in acid and the miiluo subjected 
to a laborious process of extraction, the diamonds being picked out 
by aid of the microscope. The largest diamond that has been pro¬ 
duced hi this way is barely visible to the naked eye, however, ami 
when I say that llio problem of their production has. been solved, 
I mean from the scientific point of view. 

The artificial production of the diamond is, in fact, far more com¬ 
plicated than it appears at first sight. If it were only a matter of 
obtaining the necessary high temperature to fuse the carbon to obtain 
it in the crystalline condition it would be simple—such high tempera¬ 
tures are readily obtained nowadays by menus of the electric furnace 
and the oxy-acotyleno flame—but carbon is one of those substances 
which pass direct from tfao solid to the gaseous stale under ordiniirv 
atmospheric conditions, and only assumes the liquid condition 
under enormous pressure. The combination of high temperature 
and enormous pressure can bo obtained momentarily by Moissan’s 
ingenious process, but to obtain crystals of any size it is necessary to 
conduct the operation on a very large scale and to maintain tha com¬ 
bined temperature and pressure for a sufficient length of time to 
allow the liquid carbon to separate out from its matrix; moreover, 
the entire operation must be conducted out of contact with air, for 
carbon rapidly combines with oxygen at high temperatures. 


1 ' mrcipfeto aooouDl is Sdvcn in " Dianioaib/' by 6a William Ciwia Library of Living 
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Commercially, we are m fur from being able to produce artificial 
diamonds as in the days of the alchemists. It is, perhaps, a bold 
thing to my that no such thing as an artificial diamond will ever be 
placed cm the market, but one can safely assert that so far as our 
knowledge stands at present it is impracticable. In saying this, T 
am quite aware that statements as to the commercial production 
of synthetic diamonds being an accomplished fact have quite 1 ! recently 
appeared broadfenst in the public press, but those who are responsible 
fur such statements are, shall we my t under a misapprehension as to 
the meaning generally conveyed by the term "synthetic/ 1 and arc 
unable to follow the distinction I have drawn between an artificial 
gem and an imitation. 

To pass on to corundum, the problem of its artificial production is 
very much simplified by the fart that iU composition is oxide of 
aluminium, and alumina—which is t therefore, its amorphous equiv¬ 
alent—fuses to a liquid under ordinary atmospheric pressure at a 
temperature somewhere about 2 T 000° C< (the exact point has not its 
yet been determined) a and being the only stable oxide of a strongly 
basic metal, it can be heated in air without any change. 

The chief problem to be faced, therefore, is that of attaining the 
necessary temperature, and it is not surprising that crystalline 
alumina was produced as a scientific curiosity as far back as lho 
commencement of the nineteenth century. It is at this time that wo 
first begin to hear of the oxy-hydrogen blowpipo (or the gas blow¬ 
pipe as it was then colled), and in a book published in 1819/ describ¬ 
ing various experiments with this new apparatus, we read that 
“two rubies were placed upon charcoal and exposed to the flame 
of the gas blowpipe * * * after suffering it to become cold 
* * * the two rubies were melted into one bead.” This hint 
does not appear to have been followed up for some considerable time, 
however, and the earlier experimenters in the production of artificial 
gems worked in another direction; they were unable to obtain 
products of commercial utility, because although they succeeded 
in obtaining crystalline alumina, it was produced under conditions 
which resulted in the formation of a mass of small crystals, almost 
microscopic in aizo* Moreover, the form of these crystals was that 
of the hexagonal plate which Is the fundamental form of corundum, 
and hucIi a form would bo useless for cutting even when of consider¬ 
able area, owing to its thinness. Thus Gaudio, who appears to have 
been one of the first to attain any success in this direction, obtained 
a mass of such crystals by fusing alum and potassium sulphate in a 
closed crucible, Ebetman obtained similar results by fusing alumina 
with borax, and later Doville and Caron used aluminum fluoride 
and boric acid. All these attempts yielded similar results, as in each 
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cnao fusion was obtained by tin* aid of u substance malting at u 
lower temperature which acted m a solvent. Consequently the 
alumina crystallized out m much the soma manner as a salt crystallises 
from a saturated solution, and to obtain sufficiently largo crystals 
to bo of practical use it would be necessary to conduct the experiment 
on a very largo scale, and subject the fused mass to very slow and 
carefully regulated cooling. 

In 1ST7 Freni}- and Fell attempted to get over this difficulty by 
using lead oxide its the flux and employing a crucible composed of 
higldy mud clay. On heating up the mixture in such a crucible the 
lead oxide melts and combines with the alumina to form lead alum- 
inate. and on further heating this reacts with the silica of the lire 
day, forming lead silicate and setting free the alumina, wludicrys- 
tEdiizes out. But although very much larger crystals were obtained 
by tins ingenious process, they had t he same form and were too thin 
for industrial employment. 1 

Some time earlier than this, however, we hear of the oxy-hydrogen 
blowpipe again, for Gaud in had noticed (as Clarke did In 1819) that 
by introducing alumina into the flame of an oxy-hydrogen blowpipe 
he could obtain globules of fused alumina similar to the borax beads 
one makes in the ordinary blowpipe, Gaudin appears to have taken 
it for granted that these beads were amorphous—that is, un alumina 
glo^s—and it was not realized until many veam Inter that they were 
really identical in all their properties with natural crystalline corun¬ 
dum, Whrn tills was realized r the commercial production of corun¬ 
dum became only a matter of detail. 

I laving obtained lids further point, the idea immediately suggests 
itself of converting small and useless stones into valuable gems bv 
fusing them together into one, and, as a matter of fact, ^reconstructed 
rubies"—as stones produced by this method are now generally 
called—made in this manner were the frp*t artificial gems to bo pre¬ 
pared on a commercial scale. These were introduced some quarter 
nf a century ago under the name of J, Geneva rubies,” and were offered 
os p and realized the price of, natural stones, until the method of their 
production became apparent. 

Tt will, of course, be wet! understood that the experiments I hare 
briefly indicated toward the artificial production of corundum had 
as their immediate objective the formation of ruby, that being by 
far the most valuable variety. It had long been known that the color 
of the ruby was due to a trace of chromium, and by adding a small 
proportion of potassium or ammonium chromate to their mixture 
tremy and Fell reproduced accurately lhe color of the ruby in their 
crystalline flakea, 
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Tlu i process of producing irtcouatructed rubies bv menus of ike 
«xy-kydrogen blowpipe is, roughly, as foBows: The residue from 
culling rubies and small worthless y tones is broken iiu*« course simd, 
a smofl quantity of which is placed on the center of n di sk of platinum; 
lids Is lken carofullj brought to the fusion point! care being taken 
id ihsfl stage not to raise ike temperature to sin k itn extent a- to 
melt the platinum support. As soon us this Jimss is fused it serves 
to protect the pbtitnnm r and the reconstruc ted ruby can bo built 
Up <>n it by adding the fragments of ruby one at il time by moans of 
small pint inn m forceps. These pipers have to bo dropped on irith 
great caro In order to secure incorporation with the mass and pre¬ 
vent m far ns possible the formation of air bubbles. It will be readily 
understood that this process is a tedious and laborious one, und s 1st 
ftmL ike formation id masses of sufficient *\zv to yield large stones 
on tutting is a matter of such difficulty that the cost of production 
13 very high. 

dust about seven years ngii, however, Ycnieuil 1 overcame (his 
restriction when he liil on the extremely ingenious idea of intro¬ 
ducing ike raw material through the blowpipe, and thus [daring 
it on the support automatically. The diagram fpl. 2 P fig* 1) shows 
the principle of his apparatus. The blowpipe is arranged vertically 
mer a small insulated chamber containing the support on which the 
mass Is to hi 1 built ujl The oxygen lube communicates at its upper 
extremity with a funnel-shaped hop pen in w hich b suspended n 
small sieve filled with Ike raw" material, which is rhythmically shaken 
by means of a small hammer actuated by an electromagnet or conn 
Each lime Ike hammer taps the support of tko sieve, causing it to 
vibrate, a dirndl quantity of the powder falls through into the tuho 
below-, and, carried along by the gas, posses out at its lower extremity 
into the sons of flame r where it is immediately raised to the fusion 
point, and falLs os a melted globule on In the support below* 

As seen in the diagram, this support is arranged with a screw 
adjustment! s*> that as the mass of corundum is gradually built up 
by the constant addition of fresh globules the surface can be kept 
at a constant level, and the portion already formed removed from 
the zone of heating so as to allow It to r( illen, When the apparatus 
is first darted Ike blowpipe Ls ail justed so as to give a comparatively 
cool flame, and the powder is admitted slowly. By this means a 
small K stoIk !ir b formed, which insulates the mafia from the support 
and prevents the fusion of the Utter* When this has been formed 
the full pressure of the blowpipe b put on and the rate of admission 
increased, with the consequent formation of a 4 "boulc,” as it is 
termed, having the shape of a pear, as illustrated in plate 2, figure 2. 
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Willi tills apparatus u huulc weighing some 20 £■> *Jft canvh*, and 
capable of yielding two cut stones of about 6 carats each, can be 
prepared in. about 1mlf an hour almost automatically* a single operator 
being able to control several intu-hiues. The boule^on c* filing, very 
often spin in half in the direction of their growth, us in the lower 
example seen in figure 2, anil this h a convenience rather than other¬ 
wise, as the resulting shape can be cut to greater advantage. 

In the first instance reconstructed rubies were m&de in this way 
after the manner introduced by Gaurlm, the material fed into t he 
blowpipe being pulverised rubies and chips, and this method Ls still 
employed by some workers. But more commonly nowadays the 
i.wundiint is produced direct from amorphous alumina by oh mg 
I p u re Lkjnmo ni urn alum as t he raw mat eri al. On rear hi] i g t lie i 1 a me t Ids 
i[in impose^, the anunomaand sulphuric acid volatilising, leaving the 
alumina. Stones made by this process are generally known as ‘'.syn¬ 
thetic/* oa distinct from reconstructed/ J although, of course, to be 
pedantic, the process k one of decomposition rather than synthesis. 

The 4 ‘synthetic fP corundum produced in this way, if pure ammo¬ 
nium alum is used, is of course colorless, and can be used a> arlificial 
white sapphire. If a small proportion of chrome alum is added, the 
resulting atones are rubies, and other colors may Ik? produced in the 
same way + For a long time all attempts to reproduce the fine blue 
of the sapphire failed, because following the apparent analogy of 
fliiiratra, cobalt was invariably employed as the coloringoganl. Tins, 
however, docs not readily form an aiuminato in the same way that it 
does a silicate, and, in consequence, it h impossible to produce a satis¬ 
factory coloration in the corundum by its means: it is possible to get 
the coWit in a state of combination by adding a large proportion of 
miigii rt-i a t o the id u rnina, hut then the product farmed is not. u tryst a 11 i \ i.e 
alumina bur magnesium alumina te, and its properties are fmtdamaa* 
t ally different* Tts refractive index is lower, its refraction single, and Its 
hardness lower* In fact, the result is blue spinel Instead of sapphire* 
Moreover, such blue atones have the characteristic absorption of 
cobalt, and appear purple in a light that does not contain a large 
proportion of blue rays. 

In 1908 Paris attempted to avoid this latter difficulty by preparing 
a calcium alumina to colored with cobalt, as it is found that in this 
case the tr&ramission of the red rays is less pronounced. But tho 
calcium alumina to so formed is not crystalline at, all. but amoqikous* 
A year or so ago. however, the problem of producing synthetic: sap¬ 
phire was finally solved by the use of titanium oxide, a very unex¬ 
pected result,considering tho chemical position of this clement. With 
this lost advance tho artificial production of the corundum gem stone 
may be considered to be completely solvec l, and cut stones can now 
be obtained in every variety of colorj from pure white to ruby and sap- 
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phi no| at prices ranging frum 4 to IQ aliiHiiigs ft curat, according to 
color, quality; and sis^. 

Whatever may ho their economic importance, a very much debated 
qnestioRp there can be no doubt ra to the scientific interest of ihU 
group of artificial gems* In the first place it is a matter of some 
interest that a moss of fused material formed in this way should not 
only bo crystalline but possess n\\ the chu rac teristies of a single? 
crystal, Oiystnilographers arc agreed that each bmile is a single 
crystalline individual,, with the roughly perpendicular to the 
plane of formation; that is to suy, running from the point of attach¬ 
ment of the pedestal to the top of the moss. On the top of the boule 
one invariably finds a mttsa of symmetrically arranged facets, which 
Dr* Herbert Smith baa found to correspond with the fundamental 
rhotnbohedron of coinnJuim Judging by analogy with other mate- 
rials, one would expect at first sight that a fused mass formed in tlik 
way would he either el liHTfugeueuiis moss of minute crystals or 
entirely amorphous, possessing the structure characteristic of glim. 
It is well known, for example, that under similar conditions pure 
silica yields "quartz glass," which is extonrivdy maisufactnred at 
the present time. One is tempted to dwell upon tins point, and discuss 
its bearing on such matters as the devitrification of gloss, but if- would 
be entirely out of place to do so in the present paper. 

Tlic-n, again, there is the matter of coloration. One would like 
very much to know- wdiat is thr state of combination of the chromium 
in a ruby, and whether the color is produced by chromium alumina to 
in solution or metallic dmoinium iii molecular suspension. In glass t 
os is now well established, this color is produced by the optical effect 
of ultremicroscopic spheres of metallic gold or copper, hut there 
seems to be no parallel between the two cases, 

A point of more practical interest is the fact that, although lho 
artificial corundum h a true crystal it possesses the shape and forma¬ 
tion of a congealed liquid or glass. The practical interest of ting lies 
in the fact that it allottbc the only mcana of distinction between this 
artificml corundum and the naturally formed gemstone- Being of 
exactly the some composition ant! crystalline structure as the natural 
mineml H it can nob he identified by any of the physical teste I briefly 
ref erred to above. For all practical purposes the artificial ruby is a 
ruby, and one can only deny that it h a "genuine ruby” if this word 
is held to connote essentially a product found in the earth and not 
made by man. 

And yet T ow ing to the curious anomaly of its structure, the artificial 
product coil almost invariably he dLstinguished from the natural 
with the greatest ease. In the naturally formed stone any foreign 
matter which may be present is coerced into following the lines 
of growth of the crystal, and more particularly bubbles of gas which 
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may bo present in the liquid we distorted from their natural shape su 
as uj accord wiUi ibis symmetrical growth. It is the great exception 
In find a natural ruby entirely free from such melurions, which 
generally form irregular cavities with a decided tendency to grumetri¬ 
cal shape. 

It is very common also to find the structure technically known us 
“silk" caused by microscopic bubbles drawn out into a series of 
parallel canola, ail lying in one plane. Any variation of color in dif¬ 
ferent portions of the stone also follows the tines of growth in this 
manner {pL 2, fig. 3; pL 3, fig, I)* 

In the artificially produced corundum, on the other band, although 
the particles arrange theinselvas symmetrically, any air bubbles that 
are entangled in the successive globules remain undhi urlx-d and 
appear as naturally spherical bubbles in the finished product: and, 
moreover, if one globule differs slightly from another m tho proportion 
of chromium, the resulting difference in rotor follow.* the form of the 
mass as a whole, the rones of color being circular (pi. 3, fig. 2). 

As some of the air entangled between the fine particles fed into the 
blowpipe almost invariably fails to make its escape during the brief 
fusion, the presence and form of tho bubbles is in this way sufficient 
to identify tho artificial process of formation. 

In the great majority of cases examination uf the cut stone with a 
Inna is sufficient to decide the point, hut in doubtful cases a more 
minute examination may be made by placing the stone in a little coil 
filled with highly refracting liquid, in order to secure regular illumi¬ 
nation, and examining it under the microscope by transmitted light, 
when the minutest trace of structure can be detected (pi. 3, fig. 3). 
In the case of an absolutely flawless stone it would be impossible to 
decide whether it were natural or artificial, but such stones are so 
rare that this ease is almost theoretical. 

It is claimed in some quarters, it is true, that ^experts' 1 can 
invariably distinguish the artificial product merely by reference to 
tho color, which k said never to he exactly the same ns that of the 
natural stone, much as this latter varies. Personally, however, I am 
rather skeptical on this pointy as one knows that experts claim in a 
similar manner to distinguish between ono species of nalural gem 
stone and another by color alone, and their results lire not always in 
accordance with scientific tests* At any rate such dexterity can only 
bo acquired by a lifetime of specialised experience* 

As I have already indicated, spinels jnay be produced artificially 
by the same process as corundum, adding the necessary magnesia to 
Um alumina, and the some remarks apply lo the production and 
identification of this species m to corundum, the artificial stone being 
identical with the natural in till respects except those to which I have 
just referred. 
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As regards the remaining transparent gem stones, wldrh full into 
a group by reason of the fact that they contain silica as an essential 
component, their artificial prod action is of little importance. They 
can not be produced by the some process ns corundum, owing to the 
fact, already alluded to. that under such conditions both pure silica 
and compound silicates yield an amorphous product, which has not 
the optical properties of the natural stone. One Is constrained, for 
ihe artificial production of the crystalline material, to fall bark upon 
methods similar to those employed in the earlier attempts to obtain 
ruby—obtaining the requisite composition by chemical reaction and 
maintaining the mass at a temperature fust above its fusion point for 
tt sufficient time to allow the silicate to crystallize out. 

Topaz, garnets, and zircon have been produced in this way experi¬ 
mentally as a matter of scientific interest, but the small stones pro¬ 
duced have no commercial value, and to describe their production 
in detail would only weary you to no purpose. The majority of these 
stones art’ of such common occurrence in nature, ami consequently nf 
such little value, that their artificial production in this manner is not 
a commercial proposition. 

An exception, however, must be mode in the case of emerald, 
which ranks next in value to corundum, ami many attempts have 
been made to produce it artificially. Reconstructed emerald* have 
been made by the Vcraeuil process, but these are, of course, imior- 
photis, and do not possess the double refraction and other propertieg 
consequent upon the eiy&tatline structure of the natural atone. The 
problem of producing this stone artificially has not m yot been 
solved In fact. I am quite swan? in saying this that recent news* 
paper reporia lead one to believe otherwise, but, as in the case of the 
diamond, such reports indicate either remarkable foresight on the 
part of the writers or show that their imagination is developed at the 
exjHHiso of their jimwers of accurate observation. 

T here remain now to he considered those precious stones w hich arc 
opaque, and owe their beauty entirely to color and structure. 

Turquoise is a stone formed under conditions which are cony to 
reproduce, and its artificial production was successfully accomplished, 
many years ago, by precipitating hydrated phosphate of aluminium 
with. Lhe requisite proportion of copper phosphate to give it the color 
and subjecting the precipitate whilst still damp to hydraulic pressure 
fur a considerable, time. Prepared in this way the artificial turquoise 
is so nearly identical with the natural that its identification is a 
matter of considerable difficulty, There is, however, generally, a 
slight difference in the specific gravity, hardness, and index of refrac¬ 
tion (when tins can bo measured), which will serve to distinguish it 
on careful examination. The only point in which there is any 
decided difference between the two is the behavior on heating, but 
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as thb involves the Jest roc lion of the stone it can not be offered as a 
practical test. 

Gpul consists essentially of what is known as colloid silica, [hat is, 
silica in the amorphous state and combined with water. The play 
of color one associates with it k entirely an optical effect, duo to an 
accident id structure of the stone, which is permeated by a number of 
minute figures between which a thin film of air penetrates, the 
extreme thinness of this film causing the optical effect known as 
interference. If a piece of optd k powdered it is no longer colored, 
m would he the r ase with a ruby or sapphire, but yields a dirty white 
powder, and generally n specimen of opal, as found, only shows the 
structure in parts, the remainder being dull and Just erics* like flint. 

Tills peculiar structure k, moreover, by no means confined to opal s . 
but may occur in any mineral deposited under similar conditions. In 
ilia mineral known as lumachcllo, or fire marble, fur example, the 
same effect, k seen in u limestone. Bui opal k the only mineral which 
combines thk structure with sufficient durability for use as a gem 
stone, and in this connection it should be remembered that p as a 
matter of fact, it only just possesses sufficient hardness for thk pur- 
pose, and is one of the softest and least durable of all the precious 
stones. Thk fact, combined with the fragility consequent upon its 
structure, has involved the opal in amass of superstition mid romance 
from time immemorial. 

Although it has this unfortunate drawback, opal is, at any rate 
in my estimation, the most beautiful of the precious stones, and when 
one appreciates the reason of its beauty it will bo readily understood 
that its artificial production, or even successful imitation, presents 
almost insuperable difficulties. 

Jt is true that n somewhat similar play of color can be imparted 
to glass by rendering it translucent by u slight addition of arsenic or 
tin in the making, and by etching the surface in various ways, und 
such Iridescent glasses are often found naturally as lb a result of 
decomposition, but Ibis is merely u surface effect, and such speck 
mens can not be cut to advantage; moreover, they lack the beauty 
caused by the fire permeating the entire substance of the gem. The 
opal ranks with the diamond! therefore, in resisting attempts at 
artificial production, and is even superior to it in that it can not be 
really successfully imitated* 

1 come finally to the pearl* This* of course, differs from all other 
previous stones in being entire!}' of organic origin* The peculiar 
luster of the pearl, like the color of the opal, is due rather to its 
structure than its composition. It k formed in the oyster by the 
deposition of successive layers of calcium carbonate round &omc 
central object, and consists of an innumerable number of thin over- 
hipping lamina? of the crystalline variety of this suWauce known as 


£32 ANNUAL, EETDST SMITHSOKIAK ]KOTtTUTIOK . 1011. 

aragonite, These layers being semitransparent, the light falling on 
the surface is partially reUe e ted from the surface and partially trans¬ 
mitted into the stone, where it suffers reflection from the surface of 
lower layers (pi. 3, fig. 4). 

To produce this complicated structure artificially is practically 
impossible, unless one can describe as an artificial pearl that formed 
by the oyster in response to the deliberate introduction of irritant 
foreign matter by human agency. But in this ease who shall decide 
where nature ends and human ingenuity begins? Perhaps the well- 
known Japanese pearl may he correctly described as artificial pearl, 
although the oyster has a great deal to do with it. 

Such pearls arc formed by introducing a piece of mother-of-pearl 
in tbn shape of a hemisphere between the shell and mantle of the 
oyster and then leaving the oyster alone for a time to allow it to 
convert this into a pearl by the deposition of several layers of nacre. 
The muss is then removed from the shell and converted into tho 
semblance of a true pearl by supplying a back of mother-of-pearl. 
Such pearls, however, never have the fine orient of those produced 
under normal conditions, and they can readily be detected by exam¬ 
ining the back, when the lusterless mother-of-pearl and the line of 
junction can be detected. 

Of course, wonderful imitations of pearl are made in various ways, 
which are difficult to distinguish from the natural article bv casual 
examination. One method of preparation is as follows : Small hollow 
spheres are blown in opalescent glass, coated inside with a prepara¬ 
tion of fish scales, and then filled up solid with wax. Such imita- 
tioiis are identified by examination of the hole or by putting o. spot 
of ink on the surface, when the reflection from the inner surface of 
the glass is seen. These empirical tests arc usually sufficient, and it 
U rarely necessary to resort to testing the specific gravity and hard- 
in's.-;, which provide further means of identification. It is worthy 
uf note, however, that such imitation pearls are unique amongst 
imitation gems in that, in some respects, they are actually superior 
to the natural article. They are considerably harder, for instance, 
and their luster is not affected by constant wear. 

In conclusion, I would like to refer very briefly to the present 
position of gems from the economic point of view. It is, perhaps, 
natural that the considerable influx of artificial gems in recent years, 
more particularly of the corundum species, has led to a great deal 
of controversy and d iff cron rr of opinion ns regards their merits. On 
the one hand tho vendors of tho artificial stones often publish ex¬ 
travagant statements as to their defying identification, which, as I 
have shown you, is all nonsense. On the other hand, those interested 
in maint lining the prestige of the natural article make equally un¬ 
reasonable statements, to the effect that such artificial productions, 
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to quo to 14 recently published circular, “are bs worthless as the 
jewelry from a Christmas cracker/* I have, I hope, clearly shown 
vow iho immense difference that exists between 111 o imitation and 
the artificial ruby T taking: an example; the former, it is true, depre¬ 
ciates rapidly m use and deserves such a description, but the latter 
has absolutely all the essential qualities of the natural stone, and to 
place the two on tho same plane as worthless trash is unfair to modem 
science and ingenuity. It must be clearly understood that there is 
no essential difference discernible between natural and artificial rubv 

v 

as regards their beauty and their durability 7 which, as we have seen, 
arc the two great, items in the intrinsic, value of a stone T But p of 
course, the price of a atone b chiefly determined hr that third factor* 
which I Imre not so far taken into account—namely, rarity. Per¬ 
son ally I must confess that I have never been able to aco why one 
should value a thing for no other reason than that it is difficult to 
get, although I suppose here I am in a hopeless minority and that it 
is and always will be human nature to take this view* 

It would serve no useful purpose to enter into that fruitful subject 
of con I rove ray , the price of an article due to extrinsic causes, hut 1 
may say thb—that whilst to me personally one is as good ha the 
other, tf any man is prepared to pay £100 for a natural atone when 
he can obtain essentially the same tiling, artificially produced, for 
£5* he b absolutely entitled to get it; and I would not wiah you to 
think that I ivould defend for a moment the man who attempted to 
supply artificial as natural. But if this is so* It b still more the case 
that nobody has any right to supply anyone writh paste under the 
name of artificial (or synthetic, or scientific, if these names are pre¬ 
ferred) gem. I do think that the distinction between, the tw’o should 
be clearly recognized and that it should not be permitted to use the 
term artificial indiscriminately, At present this is being widely 
practiced; every day one sees offered for sale *'rubies, emeralds, 
sapphires, and pearl* artificially produced and haring all the proper¬ 
ties of the natural stone/* Now, as I have indicated, such a thing 
as an artificial emerald answering this description is unknown and* 
as a matter of fact, the atones supplied under this title are, as a rule, 
nothing more nor less than paste imitations, the public being delib¬ 
erately led to believe otherwise. There b In this case, as I have 
indicated „ il real practical difference be i ween the two articles* not 
merely a question of opinion* 

Again, one must deprecate the custom that him sprung up of 
arguing that, because f+ a rose by my other name will smell as sweet ,* 
a 1 'scientific 7 ' stone will he as good by any other name than its right 
une. When synthetic yellow sapphire b culled 'Scientific topaz” 
perhaps no serious fraud is perpetrated, although it is misleading, 
but when artificial white sapphire b openly and deliberately sold at 
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a faiiey price as 11 synthetic diamond,” with the support of the press, 
I for one consider that mat lets are going; too far, and that this is 
being done at the present moment anyone can verify for himself. 
All these misrepresentations may bring wealth to individuals, but 
they tend to bring into disrepute the artificially produced stone, and 
instead of allowing it a place of its own us a distinct achievement f 
cause it to be looked upon as a spurious make-believe. 

However, I did not come here for the purpose of discussing this 
aspect, and I will not dwell upon it further. I have, as far as pos¬ 
sible, given you a ribumd of the whole subject and I will detain you 
no longer, except, if I may add one more word, to acknowledge the* 
fact that my ability to bring this paper before yon is very largely 
due to the distance I have received in many quarters, and morn 
particularly from Mr. E. llopkins, whose enthusiasm on the subject 
of the technology of precious stones is only exceeded by his knowl¬ 
edge and experience, I am indebted to him, not only for much 
advice and information, but also for the loon of the specimens front 
which 1 have prepared the illustrations to this paper. 


THE STERILIZATION OF DRINKING WATER BY ULTRA¬ 
VIOLET RADIATIONS. 1 


By I>a P Jukes CouruqSt, 

Ptoftmr rjf Hygiene in the Faculty of Medicine qf Lwm. 


That solar light b capable uf killing bacteria hm been recognized 
by Downes and Blunt, S. Arloing, Duclaux, and others. Tills action 
k due to the ultra-violet portion of sunlight, that is, to the waves of very 
small length, which arc manifested by their chemical action rather 
than their power of producing heat. Solar light, however, is rather 
poor in ultra-violet rays, for they are to a great extent absorbed 
by our atmosphere. Indeed their very limited bactericidal power 
is scarcely comparable with the very great power possessed by the 
untra- violet radiation given out by some artificial Sight sources, 
notably by the mercury-vapor lamp, whose containing tube k made 
of quartz. Only such sources as the latter are of practical applica¬ 
tion io the sterilisation of notable water. 

THE trttltA-VlOLET JUfrUXlON—TUE QUARTZ MERCUEV-VxO'Olt LAMP, 

A few gene rid data will be first stated. The wave lengths (A) of 
light rays are generally measured in units which have received the 
designation of Angstroms (A. units). The Angstrom unit is equal 
to 0 0000000001 meter. The following table gives the wave lengths 
of u few different places m the spectrum: 


Bpoetmin of die Wetohaeh light: A. mll*- 

Limit uf the faired**, - ...*.*+♦*.+ - * .*. -.... OOQ. 000 

SuhkT apwlmm; 

Limit i?f the bin-rod ____ _ SCO. 000 

Limit at the visible red...-.....* - - * *—- * - 7. &10 

Limit ut th* visible viulct.....___-- &070 

Limit of tli* idm-videt... --..... ..... $. 050 

lJppi*r timiI uf tko very kte tericklsil ultra-violet. - T . .--- - * - * - - -W 

Metallic rpectra: 

Inferior limit of the mercury spectrum ---- £• & 

Limit of the metallic ultra-violet . ................ 1.200 

Ordinary gtu ffpeclr*: 

Limit ql die citrcrae ultra-vfcrtel.. . . + .....-- . 1 -ftIO 


I TfAiijULrsi bs nvjai itevu* f£nd«k! Suinocrt jW*=t ft vpUqo^ ApHI Iflll. 

pil 33 a-asL 
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Ultra-violet radiations of solar origin of wavo length smiillor than 
2.950 A. aro absorbed by the atmosphere mid do not reach u*. Tht-rt- 
f«ro in order to obtain light which is truly bnctfrickltil (of wave 
length less than 2. SCO A.) we mast have recourse to artificial sources. 

The quartz mercury-vapor lamp is the most powerful among these 
latter. Luminescent mercury vapor is very rich in ultra-violet 
light, Its ultra-violet spectrum reaches from ). =3.050 A, to A=2.225 A. 
Quartz id transpiUvnt to till light of greater wave length than 1-600A., 
and therefore to all of the rays of the spectrum given out by lumi¬ 
nous mercury vapor. Since the ultra-violet rays uf smaller wave 
length than A—2-SnoA. are especially bactericidal, those between 
2-SCOA- and 2*225A* render the quartz rnarcury-vapor lamp very 
nocuous to nJl living cells* dangerous to anyone handling it without 
precaution,. as well m useful in tho destruction of microbe. 

The quartz mercury-vapor lamp is led by a continuous current. 
It must be protected by suitable cooling devices. With proper pre¬ 
am dons theoretically it will last indefinitely* practically a very long 
tune. The running of the lamp is very easily regulated either by a 
sentinel" lamp in the same circuit with the mercury lamp or by 
simply noting the luminous state of tho lump itself. Tho lamp La 
most readily lit by rocking it, As soon as a small thread of mercury 
connects tho two poles* a current of electricity is established and tho 
lamp-becomes luminous. The lamp b then turned to its usual posi¬ 
tion* the thread of mercury broken, but tho current continues £o pass 
by means of the luminous vapors from the mercury* 

TO ST^niLIZATIOX OF DUNKING WATEE BY MEANS OF THE QUAItTZ 
ME«Cl T RT-YAFOK LAMP. 

The most practical application of the bactericidal power of the 
ultra-violet radiation from the quartz mercury-vapor lump is for the 
sterilization of drinking water. 

The difficulties mot in the sterilization of drinking water are well 
known. Innumerable are the processes of filtration or of chemical 
or physical purification which have been advocated and applied. 
Some ore of little value, others are effective but costly and requiring 
too extensive arras of land and too much manipulation.. For a long 
while a method has been sought which is not only simple and eco¬ 
nomical, but also absolute in its efficacy for the sterilization of drink¬ 
ing water under such conditions ns occur in the great majority of 
coses where water is collected for a city's use- 
Just such a simple* sure, and economical process has been devised 
bv M. Xogier arid myself. 1 This process makes tine of the bac- 


i J, Coofiu^ut TL Nociff, B-it LAjUrilklkiD Ar V nfi potable ui muffin da k Utdpe «i qaazU i 

TB-pB'-Lf Litt MHUftt* C, H. Ak«L dw- S^leMM, 23 fiS-T7kr 10OJ. 
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tcriridai properties of tho ultra-violet rays from the quartz ntamjry- 
Vftpor lamp, * * * 

Lot us state our method of procedure At first we used the dusriaii 
lamp of Krontuyer. A metallic tube, provided with several test 
holes, and dosed at one end by a quartz window (fig. i) t was placed 
face to face with a TCrnm&ycr lamp, Tho tube, filled with polluted 
water, was thus subjected to the radiation from the lamp for various 
lengths of time. Samples of the water were taken from each test 
hole by means of sterilised pipettes. Preliminary tests showed us 
flint the water was vary rapidly sterilized to about ft .30 meters from 
tho lamp. Water was therefore permeable to the bactcricidjJ rays 
from the lamp, and especially to those which killed voiy rapidly the 
microhm contained in the water* The most important fact for our 
purpose was therefore established* 

We next had constructed Home long lamps (D.I5 to 0.30 motors) of 
the form shown in figure 2. These lamps were hung in the axis of a 
metallic cylindrical box, about 1*20 meters in diameter, and holding 
110 litem (fig. 2). Tills box could be filled through an orifice in the 



topj n cock was provided at the bottom. Through a Urge glms win¬ 
dow could bo safely Uotedt what happened within, Tho box was 
mounted on a pivot, so that it could be tilled for lighting tho lamp. 
Whan we would experiment with thin layers of liquid, a glass basin 
could be introduced through the window and placed under the lamp. 

Finally, a single lamp was placed in tho axis of a portion of a tube, 
O.fiO meter in diameter, so that tho walls of tho latter wore nowhere 
farther than 0«30 motor from the luminous source* In fact, the dis¬ 
tance could have boon made much greater; wo wore convinced of that 
later* 

With this metal box wo have made a great number of experiments, 
which enable m to affirm the rapid and complete sterilisation of 
water* no matter how polluted, provided only that it bo transparent* 
Later my collaborator, Th. Nogier, constructed a set of apparatus 
for tho application of our discovery* 

The problem of tho sterilisetion of potable water in private houses 
and in small public establishments (hotels, barracks, hospitals, etc,} 












23S ANNUAt# ftEJK>RT SJttTHSOHUS INSTITUTION, IDIL 

i.-. solved through the use of such apparatus as we liuve described 
using ultra-violet radiations. That of the sterilization of very great 
quantities of water, us in the case of a city's supply, is now under study 
but very near solution by the same means. 

CAN ALL. LIQUIDS HE STERILIZED JJV THE ULTRA-VIOLET RAYS? 

To this question I must answer, No. With Th. Nogjer, J have 
shown that substances rich in colloidal matter (wine, beer, cider, 
bouillon, peptonized solutions, etc.) absorb very rapidly the ultra¬ 
violet radiation. 1 This radiation wi 11 pe mitral e only a few millimct ere 
or fractions of a millimeter of such liquids, which therefore are not 
sterilized. Even in the case of the most limpid beer, the dourest 



white wine, a peptonized solution as transparent as water, steriliza¬ 
tion docs not result. Indeed, such Liquids may be sterilized in the 
laboratory either by exposing them in very thin layers or by stirring 
them so that cvciy portion comes in contact with the lamp. The 
practical results of such methods are negligible; such sterilization 
would be too costly. 

The water for our method must he clear; a muddy water would 
not be sterilized. It would have to bo filtered before entering out 
apparatus. 

And so clear water is practically the only known liquid permeable 
to the ultra-violet radiation and easily sterilized by it. 


p fri Th Ni>t r l*r, Slit 1a foiW# y j ii ii tfaB +3 m ray™ ultivriokt* k traran Lia tlqiikkwXfr 
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EXPERIMENTS BJIOWENG THE BtmSUUMXQ OF WATER HY THE UT-THA- 

YIOLET RAIHATIONS. 

The sterilization of the water Is complete, no malter how polluted 
it may have been, provided that it is still transparent to the ultra¬ 
violet rays. The ultra-violet rays can therefore absolutely free from 
germs water fur mure polluted than is ever the case with the natural 
water which in practice requires purification* 

The experiments by means of which Th< Nogior and myself have 
shown that the sterilization is complete are simple and may he 
summarized in a few words. Wo have had built above our laboratory 
a reservoir holding some 00 liters filled with city water, but into 
which we could introduce all the impurities with which we wished to 
experiment—coion bacilli, typhoid-fever bacilli, solutions of fe<vJ 
matter, etc. It has often happened that the water contained up to 
1,000,000,000 colon bacilli per cubic centimeter, whereas the most 
impure natural water rardj' contains more than 1,000. Our experi¬ 
mental conditions were therefore very exacting, far more so than 
would ever occur in practice. 

The w ater from the reservoir passed either into our cylindrical box 
or into another piece of apparatus devised by Nogier. In the former 
(fig. 2) (135 volts, 4 to 9 amperes) the sterilization was complete in 
several seconds, a minute at the longest. Indeed, the sterilization 
was practically almost immediately accomplished, hut wo wished an 
absolute sterilization, for Lust mice, not a single colon bad Hub iu a 
liter uf previously infected water. Tins required some! imes a minute 
(at 0.3U meter from the lamp)* 

The details of the apparatus designed by Nogirr were some what 
different; the water flowed without stopping at the rate of 400 to .500 
liters per hour (it could go as fast as 1,000 liters) but posted as a thin 
layer about the lamp. Such would be the conditions of daily u_se. 
With Nbgieris apparatus sterilization took place almost immediately 
and was complete. The water, contaminated as above described, 
came out absolutely free from germs. One could pollute a liter and 
more and not a single microbe colony would remain. 

These truly surprising results were in all points accurate. They 
have bom verified by all those who, following our experiments, have 
taken up the study, Mkjuel/ Cemovodeanu and V + Henri,* Toilet/ 
and others* These conclusions arc now well known. 

The following results were obtained by Miqnel who investigated 
this method for the city of Paris. Like us, Miquel polluted artificially 
the water upon which he experimented (apparatus of fig. 3)., In 
Tables 1 and II are given two of his tests tiring colon bacilli. 

1 MStinrl, Rampart ftd I*#fct d* h &dh* r tlWK 

1 Cc79btoh1mI3u ft V Ilmiii F Eimlfl 4» L'aatlnA ri™ mjou At tins Srimmi, 

a ^uvviff tsia 

? Volkl. Ac. di« BcIhich, 7 m&n IV10, :.i n-vit iflltt. 





240 AJN^UALi ttEI*OTET SMITUmNlAN INSTITUTION f 

TAPLP l-—firjHn'mrriX pn (?if fftrittanTiaii t/ mater postal u i.-A B- coft ( ,1/i^rfi). 


JulF a, JSQO. 

Flaw per 

hi.=3r r 

tjiparnlm. 

Oolun boefffl pprUSer— 


After. 

sr...... —----»„***.;»**+*»***-;.«* 

| 00. * -i«• . ■ . . ..... . Blj a r ■ - .... ... .ft ... 1 ....... r . . .... ..... 

Ltlrn^ 

1ML5 

ass, o 

Wft 

mmw 

u\m,m 
ill.ooq.oDo 

ftiflSCflci!. 
uEnttV*-*, 

OEnSCfle.t + 
Gin 200^ 

1 19...._ .......-r. - -...-■ ... .---iLL .. 

3 4fl T _ r] _. , , , ■■■■n.imr— ■ ... 

1*0lBrL qJi'l mMi.J....L. LI . , 

mi 

U.V«M,CKM 

ii in Kffltf.e. 



After having rondo those trials {wg cite but two of them), Miguel 
wished to put the apparatus to a far more difficult lest, the destruction 
of the spores of the bacilli. He polluted tho water to be sterilized 



Fas. a.-Eulj' Mn of Thx SufiSsr. 


11 with a far more resistant specie of microbes than the colon bacilli 
and having very durable spores, related to if not identical with, tho 
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BadUve mttr.niencus ruber, whose refractory spores will resist the 
temperature of boiling water unstained for scleral hours.' 1 In Table 
111 is given a typical example of his results. 
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Thus, with water polluted with 128,200,000 bacilli per liter and 
whose spores will resist boiling for several hour*, at^ttization is almost 
immediate (in the time necessary for ihc water to paws through the 
apparatus at the mean rule of 81 lilers per hour, This experiment 
should be of special interest to surgeons- 

Such are tho results. Let me repeat tny earlier eondusiniLS, which 
have been but strengthened: The sterilizing power of the ultra- 
violet rays omitted by a quartz mercury-vapor lamp inmiemed in 
water* face to face with the microbes contained in that water, is eo 
great that the problem of the integral* rapid* and economical steril¬ 
ization of clear water by this procedure may be considered as solved 

MUST THE QUARTZ MERCURY-VAPOR LAMP BE IMH&fCSRU IN TttE WArSBl 

Should the lamp be immersed in the w r ater or merely placed just 
above it l Immersion is certainly preferable. 

Naturally we tried an apparatus in which the mercury-vapor 
lamp was placed jusi. above a thin sheet of water for sterilization- 
The water was sterilized. However, practically anti economically! 
immersion is necessary. The reasons for this are easily given. 

The greatest reason is that the utilization of the sterilizing power 
of the lamp is infinitely more perfect w'hen within the mass of w T ater 
lfcsdL The water is then in dose contact with the source of the rays; 
all of tho rays emanating in all directions are used, A lamp conse¬ 
quently sterilizes a far greater volume of water when it is immersed 
th&h when merely placed close to the water—that is surely clear. 
Economically* therefore, immersion b very advantageous. 

And yet further: Immersion seems necessary for the life of the 
lamp as an emitter of ultra-violet rays. The quartz tube of such a 
ianip^ working in the air, is warmed to some 700° or 800° C. TL Bor- 
1911——16 
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dier 1 has shown, by means of his tihromo^actinometer, that every 
quartz mercury-vapor lamp gradually loses its power of giving out 
ultra-violet rays because of the increasing opaqueness of the quartz 
tube, At the end of a service of about 500 hours, he states, the 
lump emits only one^sevtnth of its original quota of these mys. 
This defect is without remedy and therefore decisive. If his results 
are real, then immersion is necessary for cooling the lump, so as if* * 
prevent this change., 

Immersion f therefore, has these advantages, economy and long 
service. 

It may be objected that since the immersion cools tile lamp, with u 
given current of electricity there will be a smaller amount of ultra¬ 
violet rays emitted* This would be expected in accordance with the 
results ol Retchinsky (HH)G), However, a lamp thus cooled can lie 
made to emit just as much ultra-violet radiation as a warm lamp 
(new and unused, see the experiment of II. Bon tier) if a greater cur¬ 
rent of electricity is used- The increased cos I uf this greater current 
h practically of small importance compared with the increased 
eilicieney of the immersed lamp where ail the radiation is utilized. 
That is f though an immersed lamp uses a greater amount of elec¬ 
tricity, it. will sterilize a far greater amount of water* 

To sum up; The immersion of the lamp, economically considered, 
is preferable. If die results of Rordier arc confirmed, immersion will 
be the only method giving a long life to the stabilizing power of 
the lamps. 

NATURE OF THE PROCESS OF STBEIUZATTON OF WATER BV THE ULTRA- 
VIOLET RADLIiTfONS- 

The ultra-violet rays kill the microbes in the water by a direct 
bactericidal action, and not indirectly by a chemical modification of 
the water. 

It might at first have been surmised that the sterilization was due 
to the production of ozone. That is wholly untrue. With Th. 
Nogier and Rochaix, 1 I have shown that luring the time required 
for sterilization (only a few seconds or a minute) not even a trace of 
ozone was produced. If with a longer time it ls produced, it would 
bo after sterilization had occurred and have nothing to do with the 
latter process. It would never occur in practice. The production 
of ozone is a separate laboratory process. Moreover* sterilizatiun 
will take place in the absence of oxygen. (Cernnvodeanu and Y. 
Henri .) 
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Wo have obtained similar results as to oxygenated water. 1 Cer¬ 
tain investigators have thought that this was produced and caused 
the sterilization and would itself render the water dangerous for 
alimentary uses* * Such an explanation is fatso and the fear ground- 
less, But a trace <>f oxygenated water was formed after several 
hound exposure to die ray-L There was never any oxygenated 
water formed during lhe short passage of the water about the lamp 
necessary for die sterilization. 

CHEMICAL MOnmCATliJN OF T3IE WATER TREATED WITH THE ULTRA- 

VIOLET RABlATlON, 

^ 'liemicidly water is very little altered by the ultra-violet rays, 
certainly during the short time required fur the sterilization, 

With Th + Nogier and IWhaix, 3 I have shown that ait exposure * f 
10 minutes (lamp immersed in o basin of water only a few cenrimeters 
deep) hardly altered the chemical composition of the water. The 
organic matter, ammonia, the nitrites, the nitrates, and ntiler sub- 
stances dissolved,, were almost always in the same proportions at 
the end of 10 minutes; they were not in the least transformed by 
the passage (several seconds) Sn an immersion apparatus, a length 
of passage sufficient for complete sterilization. 

We add that the taste and inter of the water am not altered. 

THE WATER THUS TREATED IS HARMLESS. 

Although the chemical composition of the w ater is not changed by 
the ultra-violet rays, the question as to its harmlessoesa yet remains. 
Is (he water thus sterilized harmlessi 

We have fed daily for a month dogs, rabbits, and guinea pigs with 
water from a Nogier apparatus. Nothing in their general healthy in 
i heir weight, or their temperature indicated the least ill effect. 

THE ACTION OF THE ULTRA-VIOLET RADIATION ON THE FLUORESCENT 
MATTER CONTAINED IN WATER, 

< '■< accruing the processes for controlling the sterilization of w’ater, 
Diujficrt 5 huis made a very interesting note. There exist in all surface 
waters fluorescent matter of organic origin. Sterilization by the 
ultra-violet raj s (as well as by ozone or otherwise) causes a notable 
decrease in the quantity of such matter. Water treated by these rays 
differs therefore in this respect from the natural river water before Its 
passage through our apparatus, 

* J. CWBfDt. Th- N&fflEf *% Rw!i4U- C. R - At, 4** OtUMOM, 3ti nan4 1910, 

* 1. C™™at F Th. Na* I*?«l JL*;iw|j- C, R - At, d« Bckncei, U Juilkt 

< Ukr.rrt, C, R, Ar-^&jeocw.au^rtw isoa. 
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ACTION OF THE ULTRA-VIOLET RADIATION UPON TOXDTI5S, 

It may bo asked whether the poison# ratting from the microbes 
and which may he contained in the w ater Qu small quantities, of 
course) are destroyed by the ultra-violet rays, We arc in a position 
to answer thin question. 

The toxin cm such as we have been able to obtain in nur barleriolo- 
gieat laboratories can not be destroyed by the ultra-violet ray# since 
they form a liquid very rich in colloidal matter and therefore not 
(rausparent to this radiation. It would therefore be necessary to 
work with very thin strata of the liquid, IVe have demonstrated this 
with the tetanus toxlned A very long exposure (one hour under J to 
2 cm.) scarcely weakened tho toxic power <«f a fibrous culture of the 
Xicolfdcr bacilli. If the toxin c h sulhdently diluted with water, sajr 
1 part in 2,000, it i* * neutralized in a few- minutes. 3 Cemovodcauu 
and V. Henri have ohiallied, similar results. 3 

Toxincs are, therefore, very sensitive to the action of tho ultra¬ 
violet ray* provided they am so diluted as not to bo protected from 
t hem by their colloida J state. Such toxincs a* are apt to he found in 
potable water will, therefore, bo destroyed as well os tho microbes. 

PRACTICAL APPLICATIONS. 

Are the preceding results capable of practical application 1 Surely. 
They give rise to a simple and very powerful new method of steriliza¬ 
tion, applicable wherever an electrical current (continuous or teams- 
fturned) is at hand. 

The water is not changed or warmed. Xor is it harmful for drink¬ 

ing* 

The only condition nectary for the successful sterilization is the 
transparency of the water; filtration would, therefore, be necessary 
for muddy water. 

Our apparatus can &ervo three purples: First, household steriliza¬ 
tion (special snmEt-sized apparatus adapted to the supply pipe of 
itn apartment). Second, sterilization for larger establishments (appa¬ 
ratus with greater flow of water placed at the entrance of tho water 
into tho building and furnishing sterile water to all tho faucets of a 
hotel, barracks, hospital, school, etc.). Third, sterilization erf water 
for a city {apparatus capable nf purifying,, if necessary, several 
thousand cubic meters of water per day; apparatus with which trials 
arc actually being made). 

For household apparatus, and even for such a# is destined for larger 
c^lablishmentH, it is desirable to have somo automatic device to stop 

I J.CouiTDQEiLft T6- f.B. Ae. 4t*i Srlrfim, 3 mars IQOB. 

* I, Ctourmnrt rt TtU Noffcir. C. R, At, 4* 2 K>&t IQQB* 

i CwneirodiPMEF ft V, timxi, C. R.Ae. 3 
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the flow of water whenever the lamp may not work either through 
accident or design, Surveillance of the apparatus would then be 
\innceesaari% Only sterile water could bo drawn. 

Such apparatus as we have described in this article would be of 
great advantage in certain professions and industries. Surgeons, 
obstetricians, could have sterile water; pharmacists would feel secure 
in the preparation of aseptic compounds; brewers would have great 
advantage in using sterile water. Water thus sterilized could be used 
by dairy men T beer makers, maniifacturns of artificial mineral waters 
or bottleis of natural water (washing of bottles ) f etc* 

The applications which Th* Kogier mid I have mode of the bacteri¬ 
cidal power of the ultraviolet rays in the sterilisation of water have, 
therefore, an important practical bearing which no one now contests. 
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THE LEGAL TIME IN VARIOUS COUNTRIES. 1 

[With colored map.] 


By lJr r \l. PlflLlFMrT* * 

jiitnmpiiur at fAc Iivyal ObKrvaiory Bd§ ium. 


TIME IK QEHEUl* 

Time is measured by the rotation uf the earth about its axis, A 
day is defined as the time taken for one complete rotation. It b 
assumed that the axis infixed in the earth anti that the rotation is uni¬ 
form, In order to measure the lime taken for this rotation* it is nec¬ 
essary to have reference marks both in the sky and on the earth* 
For the latter the meridian k chosen* which is die plane passing 
through the earth'a uxb and vertical to the place where the time is 
measured. Two points are used in the sky: The first, the vernal 
equinox* which is the ascending node (intersection) of the ecliptic 
upon the equator; tlio second is the sun*s center, 3 

Tile vernal equinox serves to determine the sidereal day* which is 
tho time between two successive passages of the equinoctial point 
over the upper meridian of a place. The moment of tills passage b 
taken as the beginning of the sidereal day. The hour angle of the 
vernal equinox gives the local sidereal time. For the affairs of civil 
life sidereal time is inconvenient and not used. It is used only for 
astronomical purposes. 

The center of the solar disk b used to define the true solar day. 
On account of the variable movement of the sun along the ecliptic* 
the length of the true solar day varies from day to day and it is not 
feasible to make mechanisms or clocks keeping lime with these irreg¬ 
ularities, A fictitious sun has therefore been Imagined* tunning its 
course along the ecliptic at n regular rate and reaching the points of 
its orbit nearest to and farthest from the earth at the same times as 
the true sun. A second imaginary sun is likewise supposed to pt^ss 
along the celestial equator at a uniform rate and to bo at the vernal 
equinox at the same moment with the first fictitious sun. This sec¬ 
ond imaginary sun is called the mean aim. The day measured by it 

I txiimtAEid by p^rmlaiod, wUb imylriooK by Uu* putfwf, Imra AthimIt* 4*tmnfttpJiiug poux Lv 13 

* Tke *UpUc id th* |ntflfi«tJiin with tbs Ldnlinl ijfeartof Xbt ptuaii puling; Lhrmsb Uw«mh p « «tlL 
Tht fccjnjl^arlj the tntxt^Tkin with the tthfitlll fpbrr* of lb* plAan paaaLUg UirtLtffi Use tiU-Lh's rqi:aCflr T 
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p 

k constant in length and k vailed the mean solar day. It com¬ 
mences at the moment w r hen the venter of the sun passes the tipper 
meridian of the place* Mean solar time is used in all the affairs of 
civil life and our clocks are therefore regulated to it, not to true solar 
time- In astronomical use p the beginning of die mean solar day k 
at the upper passage of the center of the mean sun across the meridian; 
that is f at mean noon; whereas Lhe civil day commences at the mu* 
merit of the lower passage (under the earth), midnight, In the first 
instance* we speak of mean astronomic id time; in the second, of cavil 
thne. The latter is exactly 12 hours earlier than the former. 

The difference between true and mean time k known as the equa¬ 
tion of time. 1 The equation of true time fa therefore the amount of 
time width it k necessary to add algebraically to true lime in order 
to get mean tune; the equation of mean time, what we must add to 
mean time to have true time. Accordingly* for the same moment, 
the equations of true rime amd mean time are equal in amount* but 
opposite in sign. The equation of time varies from day to day, but 
its greatest value is a little Jess than 17 minutes. 

SOCIAL CONSlPEltATlONiS. 

The principal affaire of tifiily life go on while the sun is above the 
horizon; that is, during the daytime. The sun f therefore* controls 
most of our actions, and it Is but natural that it should serve to meas¬ 
ure our time. Since the equation uf time k always loss than 17 
minutcttj the difference between the true and mean rimes is uf little 
importance and brings no inconvetuence into civil life. 

AH the general facts just stated apply to any place upon the globe. 
If each place were to adopt the time appropriate to its own meridian, 
called local time, the consequent diversity of Lime would result in 
great confusion. It k therefore advisable for the convenience of 
social life to adopt some conventional system of time for all the people 
of a certain region. Their clocks must bo regulated to the time of 
some conveniently chosen meridian; there must be some standard 
time fixed either bylaw or custom. The choice of this depends on 
various considerations. The principal consideration seems to be 
that this time shall depart as little oa possible from local time* In 
our choice of the meridian by which to regulate our docks, we should 
therefore limit ourselves to one which passes thru ugh some contra! 
part of the region untier conic deration; then the difference between 
the local and the official time will be m small as possible in the ex¬ 
treme parts of that region- 

The changing of the time at one locality to that corresponding to 
the same moment at another place, although a very elementary 

* Vi* Wimi ftjualioQ h £»t w&l In Hi ^ Wm; It U fqii vitltot to Ihd Kirfd 
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process, is one in which the uninitinted k very liable to make errors, 
As the transformation b generally wished quickly, it is important to 
reduce the process to its simplest state. Since the time defined by 
the mean sun ia itself purely conventional, it may be used over a 
considerable region with little inconvenience. Thus, for the whole of 
a country may be adopted either the time corresponding to some 
point in its capital or to that of its principal observatory, whichever 
k preferable, 

With the extension of interactional commutation, quite naturally 
certain countries grouped together in the use of the time correspond¬ 
ing to some place near their center when this did not bring too great 
discordance with the true local time. But this affected only a partial 
solution and trouble still remained when it was desired to pass from 
the time of one group to that of another. An international agree- 
nient was necessary for considering this problem and bringing it to a 
rational solution. 

SYSTEM or Z&KES — DIAL OF 24 HOURS. 

In 1884, a conference, called together at the initiative of the United 
States, met at Washington for the purpose of coming to some under¬ 
standing among the various nations of the world as to the choice of a 
standard meridian and a universal system of time, Severn! such 
systems wore proposed* The conference which, moreover, had no 
legal power, limked itself, among other resolutions, to recommending 
the adoption of the meridian of Greenwich and to the expression of 
their sen tinient in favor of a umveisal $ystcm of time without com¬ 
mitting themselves to any special system. However, during their 
sessions the delegates planned a system of hour limes or spherical 
sectors* winch was already coming into use in certain portions of 
North America. According to this scheme, the terrestrial globe b 
divided into 24 sectors, 15* or 1 hour in width; that which extended 
7.5° or 30 minutes of time to the west and to the east of Greenwich 
w as adopted an the initial sector. The time in any sector is exactly 
1 hour ahead of the neighboring sector just to the west and I hour 
behind that just to the cast* 

The advantage of such a convention is that at any instant the 
time indicated by accurately regulated docks the world over would hv 
the same as to minutes and seconds, differing only m the whole hours; 
consequently an passing from the time of one place to that of another 
i t k necessary i o ad d or subtract only a whole number of hours* This 
process consists in combining two numbers of ncviT more than two 
figures; thus tho task is reduced to its minimum* 

Evidently such a simple system must finally prevail from its own 
merits; consequently wo find it coming more and more into use. 
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Thu conference at WksMogtoii also recommended tlio adoption of a 
dial of 24 hours* which has the advantage that tho urn of the abbre¬ 
viations a. kl and p. m. is unnooesaary, os is the case with a dial of 
12 hours. Unfortunately the spread of this reform seems to have 
nearly stopped. It h officially used at present only in Belgium* 
Canada* Spain, Francej Italy, and British India. 

The civil day commences at mean midnight. For astronomical 
purposes a system of 24 hours b universally employed but the zero 
hour corresponds to mean noon, so that mean astronomical time is 
exactly 12 hours later than mean civil time. This convention was 
adopted so that the same date could be used for all the observations 
of a single night. Although the conference at Washington resolved 
that as soon as practicable all astronomical and nautical dates over 
the whole world should commence at mean midnight, astronomers 
have not so done. English mariners indicate by p. m. the afternoon 
hours and by a. nL those of the forenoon. 

The time corresponding to certain zones have received special 
designations: 

Western European tiffte* or weslcm time* etuTeaponding ty the uma of Giv^awit b. 

Cenmd European time, ojr central tune, efjmspoadin^ te the aouo 1 hnircut 
of Greenwich. 

Ea-urn European tftni.% of eastern tlni<? T wrreffponcliug to the 2 OQ 0 2 hotm? east of 
Gin j uwk'li. 

Eauiem ntnnda rd tfuje, co rr*?i>o tiding to & houro ¥e?t of Greenwich. 

CcauiU standard time, cOiTOfponding to fl hourd ttwe of Greenwich. 

Mountain atundanl lime, corrftaptjndLiiig to 7 Iiuujw west of Greenwich* 

ruedfit: auindard tiiuo* com^epcHiding lo S hours we*rt of Greenwich. 

Since IS&4 many countries have adopted systems of time hosed 
upon the zones and the meridian of Greenwich. In the following 
table arc given the principal nations or portions of nations, the merid- 
inns adopted! and die tlijlerenccs between their standard times and 
that of Greenwich. The plus sign ( + ) indicates that the given 
difference must be added to Greenwich time in order to obtain the 
time in a given country; die negative sign ( —), that it must be 
subtracted* 
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This table makes easy not only the transformation of a given time 
to the corresponding time at Orconwirli but alao its iionrersion to 
that of any other place. For instance, when it is 0 hours a. tn. in 
Chicago, in Manila itis6+flHr8=20 houiro, or S houra p. m. 

Upon the terrestrial map given here, the 24-hour zone* have been 
indicated; the central lino of tho first passes through Greenwich. 
The coiiiitries and territories which have not yet adopted the inter¬ 
national system of time are tinted blue, the others rose, For great 
extent a of country like the United States of America it is easy to sec 
at a glance the time in each region, 

the international date line. 

It is well known that if we go westward from America to Asia, 
we find our date one day behind lime when wo reach Asia; if we 
travel eastward over the same route wo find our date one day ahead 
pf time when wo reach America. 

In order to avoid this confusion of dates, it is customary, in cross’ 
ing the one hundred and eightieth meridian frum Greenwich, to 
“jump'' a day, if traveling toward the wist, and to repeat a day if 
traveling toward the east. However, because of geographical and 
political conditions, Llia international date tine docs not coincide 
exactlv with the ono hundred and eightieth meridian. It is an 
irregular lino so situated that all eastern Siberia has tho same date, 
tho Aleutian Islands and Hawaii the same date as tho United States 
of America, and, finally, tho Fiji Inlands and Cliatham Island that 
uf Australia. 'flm line is shown on the accompanying map. 
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HIE TIME SERVICE OF VARIOUS COUXHUES. 

Tho knowledge of the exact time Li of the utmost importance for 
tlio transaction of the business affairs of all the nations; especially so 
for those who have charge of the means of transportation and of rapid 
communication. This is tho case for railroad and telegraph com¬ 
panies awl especially for maritime commerce. The captains of vessels, 
at the moment of clearing for sea, must ho able to regulate their 
chronometers with precision, for upon these instruments depends flic 
determinations, during their voyage, of tlio geographical positions of 
their vessels. Accordingly, at the principal ports of the world, a 
special device (time hall) is used to give tho mariners tho exact time 
at known moments. Indeed,in certain ports, special bureaus for this 
purpose are at tba service of sea captains during their stay in port; 
here they may deposit their chronometers so dial their conditions 
and daily rates may bo determined. These time-service bureaus are 
generally in direct communication with an astronomical olisorvatory, 
which assures them of dm time used. 

Various countries of the world have organized, according to their 
means and local noccsiiries, more or less extensive time services. 

Generally, in countries covered by a network of telegraph and 
telephone lines, a service is established such that the various bureaus 
connected by wire receive daily the necessary time signal. Those 
wishing signals can apply to these offices or rely on time furnished to 
exterior clock dials either at railroad stations or at post offices. 

In the United States of America the time is sent over all its im¬ 
mense extent of land. It is transmitted at noon by an accurately 
regulated pendulum which automatic ally sends currents of electricitv 
over all tho telegraph lines of the country. Those currents actuate 
receiving instruments at all the telegraph stations. The duration of 
the transmit ion lasts five minutes. They are sent out from the Naval 
Observatory at Washington for oil tho region oast of the Rocky 
Mountains, and from tho observatory at Mare Island, CaL, for that to 
the west. Besides these noon signals, others can he sent during the 
course of the day when required - 

In Portugal the Lisbon-Tapada Observatory furnishes telegraphi¬ 
cally tho time to the whole country, to tho time ball at the arsenal at 
Lisbon, and to the chronometer station of the meteorological observ¬ 
atory of Ponta Delgeda (S. Miguel, Azores). 

In Belgium the time is sent daily by telephone to the time-service 
office at the port of Antwerp where an assistant is detailed to compare 
such chronometers as may be deposited. An accurate Richer clock 
serves to maintain the requisite time and work the time ball. The 
observatory sends the time also to the central bureau of the tele- 
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graphs which in turn distributes it to oil the telegraph and railroad 
stations of the kingdom. 

The precise time is sent also to the various civic departments as 
well as to certain private institutions to which it U essential. The 
transmission of the time is made as follows; As soon as the one in 
charge of tho station is in telephonic communication with soma one 
wishing the Lime, he states the time he is going to indicate, to the 
exact minute generally, then, 10 seconds before that tin)a lio calls, 
“attention,” and than accurately at tho minute he says, “tip,” His 
“tip” is rarely out by twu-timtlis of a second. 




SMITHSONIAN REPORT, 1911.—FHHJPPOT. 



SYSTEM OF TIME IN THE DlITliRrSi 


































































































































































































SOME RECENT INTERESTING BEVEI.OPMENTS IN 
ASTRONOMY . 1 


By J. S. Plareot, It. A., 
Dominion Ob*^ratmTf t Qtiwra, Cbnw&. 


It has been the custom for the newly elected president of an 
astronomical socifity to give in his inaugural address u review ■ 
the progress of the science of astronomy during the year just closed, 
and I am partly complying with that custom in what I have to say 
to you to-night, I do not propose, however, to attempt Lo give 
yon a review of the whole field of astronomy. That would be finite 
impossible in one address. All I shall attempt, therefore, is to 
select from the material at hand some of the most important results 
recently attained, and from these again those which nro likdy to 
prove of die greatest general interest. In this selection, it is very 
likely that I shall be guided by my own particular preferences, and 
I do not, therefore, claim that what I have to lay before you wiJl be 
entirely representative of the progress ol the science. 

In my opinion there has been no lima in ilia history of asironomii al 
science when progress has been so rapid and when wo seem to bo 
on the eve of so many interesting developments, and I might almost 
say generalizations, as at the present time. 

Ono of the most significant indications of such development in 
astronomy is the remarkable coordination and correlation that is 
being so rapidly developed among the different sciences. A few 
years ago the astronomer made no use of any science but Ids own, 
with, of course, its indispensable adjunct mathematics■ but now' 
progress in astronomy is impossible without the aid of physics and 
chemistry, geophysics and geology- We do not know, indeed, how 
soon we shall be applying biology, with its allied sciences, in the 
stydy of such a subject as * L Life in other worlds, Jj on w hich we had 
recently such an eloquent and instructive address by Prof. As them 
Another significant fact pointing toward rapid developments and 
deductions is the completion or approaching completion of many 


1 AAAfiM betam lb* Ilojal Aatrenoislral Soefety CaOkI^ O Ittvi, Fafck, £3 „ Mil. BeprtnteiJ by per* 
l3iLsn»T3 burns cJsa J<fcun*i M Uja AJtmb0rak*3 FflcSrtpf Cmpad*. Jctfj'-.Vufcnir. i«| t 
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cjc tensive researches in our science. Astronomy is, perhaps more 
than any other, a science which requires long continued and system¬ 
atic investigations to be carried through with faithfulness, uirad- 
fudmeas* and mi tiring perseverance before any definite results can 
be attained. All honor to the astronomers of the past, who spent 
their lives in making observations of which tlicy themselves could 
not hope to reap aoy fruit, and till honor to the astronomers of tho 
present r who are unselfbldy collecting data which only a future 
generation can use. Tho results of past observations are beginning, 
hi many different branches of our science, to be of inestimable 
sendee In unravelling some of the mysteries of tho universe. 

I^t iia begin our review of the progress of our science at our own 
globe, and though one would hardly stale that the science of geo- 
physics, as the study of tho form and constitution of the earth is 
called* is astronomy, yet it can nol be deputed that only by know¬ 
ing exactly the dimensions of our earth can we determine the dimen- 
signs and distance of the heavenly bodies; and only from a study 
of the constitution and physical condition of our globe, which must 
include careful measurements of the spectra of terrestriid elements, 
can we determine Lise constitution, the physical conditions, and tho 
radial motions of tho heavenly bodies- Wft have to proceed to 
the inaccessible by a study of the accessible, and to investigate tho 
the mi known by at i acting the knowable, and hence we may safely 
dint a knowledge of tlia dimensions and form, the constitution 
and physical condition, of the earth is a first, requisite for a satis¬ 
factory study of the heavenly bodies. The science of geodesy, 
w hich treats of the figure and dza of tho earth* is making substantial 
progress all over tlie world, and new and more accurate data are 
constantly being obtained- It is a great satisfaction to me to 
record that, under tlie able superintendence of Dr. King, good 
progress is being made in an accurate geodetic survey of Canada. 
This work, which has only recently been organized, will furnish at 
the same time results of the greatest practical usefulness, as well as 
of U 10 highest scientific value. The allied branches of seismology, 
terrestrial magnetism, and of the determination of gravity are* 
along with geodesy* gradually changing and cry stallizing our notions 
of the structure of die interior of tlie earth from tlie old Idea of a 
thin crust surrounding a molten interior to that of a solid globe 
whose density and elasticity increase with the depth* at least for 
some distance, and which acts on the whole as if it possessed the 
rigidity of steel. Geodetic measurements show that all local irregu- 
laruies on the surface such as mountains and valleys are completely 
compensated for at a depth of about 75 miles. This means that if* 
from the boundaries of equal areas on any part of die earth's sur¬ 
face, lines are drawn toward the center to a depth of 75 miles from 
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sea level,, the amount of mutter inclosed is the same in each. This 
is railed the isostntic layer and sets as if it were floating in equili* 
brium on a liquid at that depth. The comparatively new science 
of seismology—in which our observatory b so ably represented by 
Dr. Klotz n whose method of recording the earth disturbances b, I 
may s&y, now being extensively copied—on the other hand shows, 
from the form and velocity of propagation of earth disturbances, 
that the interior must he about as rigid as steel. Tliis b further 
corroborate I by measurements, by a kind of seismograph, of the 
deformation of the solid earth by the luni-sdar at traction p winch 
in the sea produces the tides but which also sets up, though, of 
course, very much reduced in magnitude, a similar effect upon the 
land. The more recent advances in sebmology have been in the 
direction of improving the sensitiveness of the uiHlrements and the 
methods of discussion of data, so that wo may hope to gradually 
obtain definite knowledge of the density, rigidity, and elasticity of 
the interior, layer by layer. 

The increase of data in terrestrial magnetism, on the other hand, 
seems to have complicated rather than simplified the problem, which 
is, of course, naturally the case when the fundamental underlying 
cause or principle is unknown; and tliis, it must bo confessed, is the 
case in tliis science. There can he no doubt, however, of its ultimate 
solution; and, indeed, we are beginning to see some glimmerings of 
light in the magnificent work being carried on at the solar observa¬ 
tory on Mount Wilson, where one of the most recent and wonderful 
results has been to definitely prove that there are magnetic fields in 
tho neighborhood of sun spots. That changes in tho terrestrial mag¬ 
netic elements and solar activity are in some manner connected has 
long been inferred from the frequent, nearly coincident appearance 
of violent magnetic storms following tho central transit of prominent 
suo spots. 

We pass naturally, then, from tho earth to the sun, to us the most 
important heavenly body, as ou it is dependent all life on our planet. 
Very great- advances have been made in recent years in the study of 
the constitution of our luminary, and a great deal of attention is now 
being paid to researches in tlus most important branch of astronomy. 
The international Union for Cooperation in Solar Research, a society, 
or rather group of societies, which was organised about five years ago, 
and which embraces the workers on the ma m all civilized countries, 
has done much toward unifying and rendering effective the great 
amount of material collected. A meeting of thb society, which I 
hud tile honor and privilege of attending as representing this observ¬ 
atory and also our Royal Astronomical Society, was held last sum¬ 
mer at the Mount Wilson Observatory, at which many Important 
33734 *—« 1 * 11—17 
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questions wore discussed arul plans for future work outlined. The 
work of the union is carried on by severed committees, which report 
at the triennial meetings. 

Probably the most important action taken was the adoption of a 
new system of wave lengths pf light. Tho system in use for the 
lost 20 years was introduced by Rowland, the values being obtained 
from measurements of spectra made with concave gratings. This 
system was far in advance of previous ones and was for a long time 
considered practically perfect. More recent investigations have 
shown, however, that not only were Ida absolute values in error, 
every wave length being too great by about 1 part in 30,000, which 
is not a matter of much moment, but that also—a much more serious 
question—there were relative errors of the order of about 1 part in 
100,000 among the different lines. These errors, due to unknown 
defects in the gratings, were only discovered when new measure* 
menu were* made by a different method, that of interference. Tile 
new primary standard was first determined hy Michelson in J392 bv 
actually counting the number of waves of the red line in the spec¬ 
trum of cadmium in a known fractional part of the standard meter, 
lie found that there were 1,553,103.5 waves in a meter, equivalent 
to a wave length 0.00004384722 mm., or, as it is usually written 
6438. 4 722 A. This value has more recently been confirmed* by Fabry 
and Perot ftnd is accepted as tho primary standard of the new sys¬ 
tem. Secondary standards am composed of the wave lengths of 
50 lines, in the arc spectrum of iron between A42S2 end hi405, which 
have been independently measured by interference methods by three 
observers —Fabry and Buisson at Marseille, Everabeim at Bonn, and 
Pfund at Baltimore, The accordance of those measures is so good 
that the range is generally less than one part in a million, and the 
maun of the three is certainly correct, considerably within that 
margin of error. Fmm these secondary standards tertiary standards 
are to be obtained by interpolation from grating spectra, and after 
these tertiary standards have been obtained new measures of the 
wave lengths of all lines in solar and terrestrial spectra will be 
required. 

The importance of this work in solar and stellar investigations 
can not bo overestimated, as many important results depend on the 
accuracy of wave-length values, aud incorrect values may lead to 
erroneous conclusions. This is an instance of what I previously 
said of tho necessary interrelation of astronomy and physics and 
tho impossibility of successfully attacking modern astronomical prob¬ 
lems without the aid of the allied sciences. 

One of the important conclusions reached by the committee on 
sun spots was the practically unchanging character of sun-spot 
spectra. To this may be added the fact, conclusively proved by 
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Prof. Hals, that the umbra of gun spot* is at a lower temperattira 
than the rest of the sun 3 s surface, and that in sun spots, as first 
found by Prof. Fowler, of London, we have the spectra of some 
chemical compounds, such as titanium oxide, magnesium and cal¬ 
cium hydride, further showing Uml the temperature m sufficiently 
reduced to allow the formation of such compounds, wliich do not 
appear in the normal solar spectrum. Again, we have die discovery 
of Evcrshcd, of Kodoitaaolp Indin * of radial motions of the vapors 
around sun spots, and the final discovery by Hale that many, if 
not nil, sun spots are surrounded by whirls, and that electrically 
charged particles, which, it lias been further shown, are negatively 
chained, are carried around by these whirls and produce the mag¬ 
netic field which is shown to exist around sun spots. 

At the high temperature of the sun, magnetism as we know it 
can not exist,, and the field must be produced by such whirls or 
vortices. The manner in which the magnetic field in sun spots was 
detected and proved is a splendid example of experiment a Lion to 
test scientific deductions and a full justification of the expenditure 
on the powerful apparatus needed for such work. The wliirk sur¬ 
rounding sun spots are shown on photographs of part of the sun s 
surface in the light given by Urn red line of hydrogen, Such pho¬ 
tographs arc made by the apectroheliograph, an instrument which 
enables us to photograph the suns surface In the light of different 
giwes or vapors, and hrnce records the distribution of these vapors. 
The great resemblance between these whirls and the lines of force 
around a magnet, as shown by iron filings, led Prof. Hale, the in¬ 
ventor of the spcctroheliograph and the discoverer of this effect, to 
suspect the presence of a magnetic field; and flic next question wna 
to verify this suspicion. It was found several years ago by Zeeman 
that if aluminous vapor is produced between the poles of a magnet, 
many of the lines of its spectrum are widened. Prof. Hale found 
that the spectrum of a sun spot, with the high dispersion available 
on Mount Wilson, showed some of the same lines widened, strength¬ 
ening Ids suspicion. Furthermore, when the widened lints produced 
by a magnetic field in the spectrum of a luminous vapor are examined 
tlirough a polarizing apparatus, many of the lines are split up into 
doublets, triplets, quadruplets, or even sexcuplets; and a similar test 
applied to a sun-spot spectrum gave a similar, though much weaker, 
effect, conclusively proving the presence of a magnetic field. Com¬ 
parison showed that its strength was about one-quarter of that 
needed to saturate iron, loo weak to produce any magnetic disturb¬ 
ance on the earth, and therefore incapable of explaining the frequent 
coiuddenrc of magnetic storms and large sun spots. 

The fact that sun spots are at a lower temperature than the rest of 
the photosphere has been corroborated by the work of Prof. Abbott 
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who, hi liis determination of the solar constant (the amount of heat 
iwsived from the sun), shows that this is 1 or 2 per cent less at sun 
spot maximum than at minimum. The absolute amount of the sun 1 ® 
heat al the surface of the earth h L9 calories, which may he more 
simply stated ns the amount of heat per square centimeter which will 
raise 1 cubic centimeter of water 1.9° C< or 3.5° F. in temperature in 
one minute, if the atmospheric absorption U neglected. It has also 
been proved by Prof. Abbot that there are irregular variations in this 
quantity, and it is hoped that a knowledge of these variations may bo 
of value in helping to predict temperature and meteorological changes 
on the earth; a problem whose solution, oven with all the advances 
in science, seems as far off as ever. 

Another interesting problem, which at the meeting of the solar 
union was advanced a stage, is the determination of the hoIrt rota¬ 
tion by the displacement of the spectral lines* at opposite limbs of the 
sum Owing to the rotation of the son on its axis in about 26 days, one 
limb approaches and the other limb recedes from us, with a velocity 
at tiie equator of about 2 kilometers per second. If the spectra of the 
two limbs are brought aide by side on the plate, the lines of the Former 
will bo displaced to the violet, of the latter to the red; and with a high 
dispersion spectrograph Lids displacement will be quite noticeable, of 
the order of one-tenth of a millimeter. Some work has been done on 
this problem by Dum r at t'psala and by Halm at Edinburgh visually, 
and more recently by Adams at Mount Wilson photograpMcally, 
Besides determining the rate, and the law of decrease of rotation with 
different latitudes, there are other interesting problems, such os 
variations of the rate for lines of different substances, which require 
solution. A combined attack by six institutions, of which the 
Dominion Observatory is one, on different well-distributed regions of 
the spectrum has been arranged, and , in addition* cadi observer is to 
measure a common region for comparison of results anti removal of 
systematic error. 

Besides these definite advances, much other work hi the distribu¬ 
tion of the gases and metallic vapors over the photosphere* in com¬ 
paring the spectra of the limb and cen ter of the sun and along in any 
other lines, has been recently accomplished; and we may confident!v 
look for rapid development and increase of our knowledge of tho con¬ 
stitution of our luminary in the near future. 

Although the study of the sun is most intimately connected with 
that of the stars, which was recognised at the solar union by the 
appointment of a committee to discuss the question of the classifica¬ 
tion of stellar spectra, yet wo may perhaps turn for a moment to the 
other members of our solar system and see if any new light has 
recently been thrown upon tho Interesting question of conditions on 
other planets. Tho perennial question of the objective existence of 
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the fine geometrical markings on Mam, commonly called canids, has 
been, during the last opposition of 1009* strenuously and ably sup¬ 
ported by Lowed and one or two adherents, and equally strenuously 
and ably combated by many astronomers, chief among whom was 
Antoniadi As is wed known, the majority of astronomers are unable 
to see these fine sharp lines, although plenty of other detail w visible. 
During the lost opposition photography was used to a much larger 
extent, but I question whether it hm settled the matter. Lowell says 
the priori|ml canids show on Ids photographs, while others arc unable 
to see them* The only way this question eon be settled is, as Ait ken 
suggested, ft?r Lowell to invite some well-known observers, such os 
Barnard, Burnham, and others, to Flagstaff at the next opposition 
and let the whole question be fought out. 

Another disputed point is the question of water vapor on Mam, 
The detect ion of this water vapor depends upon the visibility of a 
small "band or group of lines in the red end of the spectrum produced 
by the presence of water vapor. Slipher, Lowell s assistant, photo¬ 
graphed the spectrum of Mars and then the spectrum of the moon* 
The light from liars, which is, of course, reflected sunlight, passes 
twice through Mars 1 atmosphere and then through the earth's atmos¬ 
phere. The light from the moon, which has no atmosphere, passes 
through tho earth's atmosphere only. If now there is water vapor 
in appreciable amount in the atmosphere of Mars thb band should 
bo stronger in the spectrum of Mars than in that of the moon* Slipher 
found that it wan stronger In the Martian spectrum, but unfortunately 
some little time elapsed between the two exposures, and there Ls a 
possibility that the greater strength of the band was due to change in 
the amount of water vapor in the earth's atmosphere. Director 
CumplKsUi of the Lick Observatory, considered the question of 
sullident importance to organize an expedition, carrying instruments 
to the summit of Mount Whitney, elevation 14,500 feet ( at which 
idtitilde only one-fifth of the earth’s water vapor Ls above and four- 
fifths below. Any small difference between the moon and Mars 
bunds will show relatively more conspicuously than at the elevation 
of Flagstaff, which k about 7,000 feet. His photographs were made 
within a few moments of one another, and with. Mars and the moon 
at the same altitudes, and are, hence, directly comparable, 1 saw 
them myself lost summer at Mount Wilson, and I run say that there 
is no discernible difference in the vapor bands in the two spectra* 
Thu bunds are very weak and evidently duo to the small amount of 
water vapor present m the earth s atmosphere above Mount Whitney * 
Campbell rouses to the conclusion that there is no spectroscopic evi¬ 
dence of the existence of water vapor on the planet. Although Ue 
specifically states that he dues not contend that Mors Inis no water 
vapor he says that it is too slight to be detected by the spectroscopic 
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method and is probably considerably less in quantity than tbit 
present in the earth's atmosphere above the summit of Mount 
Whitney. 

Tlio question of the suitability of Venus for organic life seems to 
depend upon the determination of its rotation period* If, as is now 
mostly Indie ved, it always turns tbe same face to the sun then the 
one side will be baked and the other frozen. If, on the other hand, 
it turns on its axis in about 24 hours, then it is practically certain 
to Iks in a condition to support life* The only possible tmt between the 
two theories is the spectroscopic one, as in the solar rotation, by 
observing tho lino shift at opposite limbs. In this case* however, 
we have difficulties owing to the bad seeing at the comparatively low 
altitude of Venus and the disturbance of the image, so that it is diffi¬ 
cult to determine in what region of the planet the spectra were made. 

Tiie advent of Halley's Comet proved possibly as disappointing to 
astronomers as to the general public, for It did not show 'many 
unusual features, and not much additional knowledge concerning the 
nature of comets was obtained. The motion of a detached part of the 
tail, as determined from three photographs at Williams Bay, Hono¬ 
lulu, and Beirut, showed the presence of an accelerating force, as its 
velocity relative to the head increased from 23 miles to 37 miles a 
second in seven or eight hours. To my mind the most remarkable 
feature of ils return was the accuracy of the computation so success¬ 
fully carried through by Messrs. Cowell and nromnielin, in which they 
predicted its perihelion passage within less than three days. When 
considered in connection with the largo number of disturbing ele¬ 
ments to be taken into account and the exceedingly complex and 
cunaliersome calculations required, their ephemerk was a marvelous 
piece of work, and they well deserved the recognition it received* 

Before discussing some of the advances in our knowledge of the 
sidereal universe It has seemed desirable to refer to tho improvements 
effected in apparatus for observation* At the head cornea naturally 
the large reflecting telescope with a mirror of 60 inches diameter* 
recently installed on the summit of Mount Wilson, California, at an 
elevation of 5,8Sfi feet. This telescope was designed and the mirror 
was figured by Prof, G, W. Ritchey, superintendent of instrument 
construct ion of the Solar Observatory, who also is doing much of 
the photographic work with the telescope* I had tho privilege of 
carefully examining the mechanism and of observing with the tele¬ 
scope, mid it k certainly a superb instrument. The optical proper¬ 
ties are practically perfect; and the difficulty of temperature changes* 
the most troublesome met with in reflectors, has been successfully 
overcome. The mechanical construction is also unexcelled, and the 
instrument, although its moving parts weigh 23 tons, drives with the 
greatest smoothness and ease* The moat magnificent photographs 
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of star clusters and nebula ever made have already been obtained 
with the Instrument and its light efficiency in spcclrographic work 
is wonderful. It can obtain in five minutes a spectrum of a fifth 
magnitude star that requires with our refractor over an hour. It b 
no wonder that such an instrument excited the envy of aU astrono* 
mcra who saw it, and Prof. Ritchey was pardonably proud of his 
masterpiece. 

Wo turn from tins to, comparatively speaking, a rather insignificant 
instrument/ for measuring the brightness of the stars. The subject 
of stellar photometry has always been a difficult one, as all the 
photometers hitherto devised have depended upon eye estimates 
or comparisons of the relative brightness of the star with either 
another star or an artificial light, made by ingenious devices to 
resemble and be brought dose beside the star to be measured. 
There is, in all such moihodii, the possibility of psychological errors, 
and it has not been possible to obtain, except in special cases, re* id La 
with a lower probable error than about one-tenth of a magnitude. 
In the case of the comparison of two stars brought into the one field 
and equalized in intensity by polarizing apparatus, the probable 
error ia t perhaps, an low as three or four hundredths of a magnitude. 
In another method also, in which out-of-focus images of the stars are 
photographed, the density of the resulting disks have then to be 
measured by a photometer and we have errora of the same order. 
The new method, however, docs not depend on eye estimates but on 
the change in electrical resistance of the dement selenium when 
exposed to light. If u selenium cell is placed on the end of u telescope 
and an image of a star to bo measured thrown on it. the change of 
resistance can be measured by a Wheatstone bridge arrangement and 
very accurate values of the brightness obtained. Prof. Stebbins, 
who has been working with much ability and energy on this problem 
for the lost three yearn, deserves much credit for his success in a 
difficult research. He has recently made new* measures of the light 
curve of the well-known variable star Algol, and the probable error 
of a detfirmination at maximum Is ± JJGfi uiag., at minimum ± .023 
mag, The accuracy of his observations enabled him io detect a 
secondary minimum which had never before been seen and which 
indicates that the companion whoso eclipse of the bright star caused 
the variability is not dark but light. Taking the most, probable 
value of the parallax or distance of the star, he finds that the bright 
star, which has about the same diameter os the sun, gives 240 rimes 
as much light, w T hiIe tho faint hemisphere of the companion gives 16 
and the bright hemisphere 28 times the light of the sum 

Such results as these are moat interesting, and it is only by combi¬ 
nation of several different methods, in this case of the light-variation 
by a photometer, the orbital elements by the spectroscope, and the 
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distance by parallax measurements, Lhat we cun obLum them, and 
that we can hope to increase our knowledge of stellar systems. 
Another interesting variable is ■?* iTcrculifl, whose orbital elements 
were determined by ScLlcslnger at Allegheny from radial velocity 
measurements with the spectroscope. He finds that the brighter 
star is about 5,000,000 miles in diameter—six tuners our sun—is 7.5 
times as massive but only one twenty-seventh aa dense as the sun. 
The fainter star is 2.D times as massive but only one-seven(ieth as 
dense. The par alias of this star is not known, but if it is us luminous 
as Algol the brighter star must give out about 8,000 times iw much, 
light as the sun. 

There has been a very marked advance in recent years in stellar 
spectroscopy, particularly in the line of the determination of the 
radial velocities of the brighter stars, and several observatories are 
now engaged in this work. Accurate radial velocity measures were 
first obtained by Prof. Campbell at the Lick Observatory in 189(5 or 
1897, and for many years he was practically the only one doing that 
Work. Campbell’s work bits been the determination of the radial 
velocity of all stars in the sky, containing spectra with well measur¬ 
able lines, which are brighter than the fifth visual magnitude. This 
work is now practically completed, and a preliminary value of the 
direction and magnitude of the sun s motion in space, with numerous 
other interesting and valuable deductions, are just being published. 

. In his work and that of Frost, of the Yerkea Observatory, who 
is measuring the radial velocities of Orion type stars, many spec¬ 
troscopic binaries stars whose radial motion varies, and winch aro 
hi-iiee accompanied by invisible companions, as distinguished from 
visual binaries where both stars are seen—have been discovnred 
and it is believed that not fewer than one in three of all atom must 
have a companion of approximately the same size, thus eliminating 
m these eases all possibility of a planetary- system like our own. 
Great advances have been made in determining the orbits, the char¬ 
acter of the motion around one another, of these binaries, and the 
two institutions most active in tills line of work arc the Allegheny 
mid the Dominion Observatories. Of the 70 spectroscopic binary 
orbits determined, our observatory has obtained 16, wliich, con¬ 
sidering that the aperture of its telescope is only half or Jess that 
of others engaged in the work and that it has been established only 
a comparatively short time, is a creditable showing. The groat 
strides made in the determination of spectroscopic binary orbits 
has led to no Jess than three summaries of the results, containing 
deductions of important conclusions from them, by Gampbell, 
Sehlosinger, and LudendoriL I have not time to enter into the 
results deduced from these discussions except to say that it was 
shown that moat binary systems probably originute from a revolving 
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parent nebula "which, while condensing, separates into two masses, 
and that these masses, as condensation proceeds, and by the influ¬ 
ence of tidal action, gradually increase their distance from one 
another, this being accompanied, of course, by an increase Li the 
period and also, us the results show, by an increase in the eccen¬ 
tricity—a greater departure from the circular form—of their orbits, 
There ia no sharp lino of distinction between spectroscopic and visual 
binary orbits except that the latter have much longer periods and 
generally higher eccentricities. 

The information already obtained, and that which will in t he near 
future be obtained, about these spectroscopic binary systems, lias a 
most important bearing on the problem of the constitution of the 
sidereal universe, and we must now come to consider recent progress 
in our knowledge of the extent and form and mo lien of its puits. 
This is certainly the most important problem in astronomy, as practi- 
cully all observing data, whether astrometric id or astrophysics!, 
whether dealing with the absolute positions, proper motions, and 
ratiiid velocities of the stars, with their distances, dimensions, and 
densities, with their evolution and spectral type, or with the investi¬ 
gation of variables and binary systems, are all either directly or 
indirectly obtained with this end in view and oil are, undoubtedly, 
directly of use in its solution. As I said in tlm early part of the 
paper, there lias been no time when so many different investigations 
were converging toward this end, and 1 will try and give you some 
details of the principal results. 

Out t»[ tha most sinking of recent advance* has boon the discovery 
of star drifts and star streams in tlie sidereal universe. These have 
been discovered by statistical methods applied in the discuswm of 
the absolute positions and proper motions of stars ami also by the 
aid of their radial velocities. The one man to whom wo owe more 
than any other the development of tills work is Prof. Knptcyu, who 
is director of what is called the astronomical laboratory of Groningen 
where the instruments of research are not telescopes and spectro¬ 
scopes hut measuring machines and mathematical tables, where no 
o jhtv at ions are taken but photographs are measured and observa¬ 
tions discussed. 1 will try and give you a general idea of the present 
state of our knowledge In regard to the motions of the stars. Although 
we cal] them (he fixed stars the term is a misnomer, for they are all 
in motion. We can measure tliis motion in two components. First, 
the motion at right angles to the line of right, across the sky, deter¬ 
mined from successive observations of the star's position in the sky 
and measured by the change of position in seconds of are in a year or 
a century. The change of position varies between about 9" per 
year and 0; the average annual proper motion, as it is culled, for 
fimt magnitude stars being J" and for sixth magnitude about iV' 
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or 4* f per century* Second, the motion in the line of sight, or radial 
velocity, measured by the spectroscope, which again varies between 
0 and about 250 kilometers per second, the velocity of a faint star 
in the Southern Hemisphere determined last year. It h evident that 
in order to get the true direction and velocity of a Mar we must 
know, in addition to its radial motion, its velocity in kilometer* per 
second at right angles to the line of sight. If its proper motion is 
known this can be readily computed when we know its distance, 
and hence we can obtain the direction and magnitude of its motion. 

In determining these motions we have to remember that we are 
on a moving body, the earth, which has u velocity of revolution 
around the sun of about 20 miles per second, and we must also 
remember that the sun, wliieh h o m of the stara, is also in motion. 
That this is the case 1ms Jong been recognized, and the direction of 
tins motion was determined from the proper motions of the atari by 
Sir William Hei^ohet over 100 years ago. The method of doing this 
can bo readily understood, for if wo imagine the stars to be moving 
in all directions at random, it is, nevertheless, evident that in the 
portion of the sky which we are approaching, the general tendency 
will be for them to open out, while they will tend to dose in in the 
opposite direction, and to drift backward at the sides. Hence, if the 
motion of the stars is at random, it is only a i\ uestion of mathematics 
to d.- 1 ermine the direction and magnitude of the sun J e motion in 
space. 

Over 20 different determinations, based upon the proper mo¬ 
tions of different numbers of atari*, have been worked out, which 
all agree reasonably weU in showing the mn to be moving toward the 
dividing line between Lyra and Hercules just a liule south and east 
of the blight star Vega. Tins point has shifted around considerably 
between Hercules and Lyra, but the last determination, from Boss's 
Preliminary General Catalogue, issued only last year, places it where 
I have just stated Ot. A, 27tL5°, Dec. +34.3°), 

If we consider, on the other hand, a determination of the apes of 
the *un r s way, as Oris point U called, derived from the radial velocities 
of *tara, we find it to be in a somewhat different position. We have 
had three or four dii emulations of the solar apes from radial velocity 
measure*; but none of thdae need be considered here except that 
obtained Iasi year by Prof, Campbell, director of tlm lick Observa¬ 
tory, the pioneer and foremost exponent of accurate radial velocity 
determinations, whose methods have been universally followed and 
their accuracy never excelled* I place the results of his 14 years' 
work os the most important astronomical rt^ult announced during 
the year. In determining the velocity and direction of the sun's 
motion, the radial velocities of 1,073 blots brighter than the fifth 
magnitude, well distributed over the sky, were used, 1,020 of which 
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were d«krnuned by spectrographs at. lick and Santiago, 40 were 
obtained from other observations and 13 were of nebula? visually 
observed by Keeler, The position of the apex, or point toward 
winch the sun b moving, U aouiewherOf about 7® south of that obtained 
from the proper motions of the stars (XL A. 272° ± 2.J5% Dcc r 87,5° 
±3% nearly 10° due south of Yoga. 

Of the two determinations, the one obtained from u discussion 
of the proper motions is of the greater weight, for roitBons—first, 

the method is more suitable for d etc training direction; second, the 
minder of st ars employed is considerably greater. 

On the other hand, the discussion of radial velocities gives us a 
much nloro reliable value of the velocity of the solar system (ban 
proper motions. The velocity from Campbell's discussion comes out 
as 17*77 kilometers (11 miles per second), and this is undoubtedly 
very near the truth. 

Many other interesting ronchismns were reached by Campbell, but 
time will not permit me to dwell on them, and we must consider 
further the question of motion of the stars. 

It is evident that if a comparison of The motions of the stars shows the 
sun to be moving toward Vega, then the apparent motions of the stars 
themselves must, on the whole, be to a point on the celestial sphere 
directly opposite. Such a motion of the stare, made up not of 
motions all in the one direction, but of motions in all directions wish a 
preponderance in one direction, is called a drift of the stars; and there 
is thus a drift of the stars due to the solar motion toward or having 
as apex a point in the Sou them Hemisphere nearly opposite Vega* 
with a velocity of about II miles per second. 

About five yeure ago Kapfeyn, from a careful examination and dis¬ 
cussion of the proper motions of the Bradley stare, came to die con¬ 
clusion that there h not one drift of stars, i hat due to the solar motion, 
but two drifts, moving in different directions. This conclusion has 
been confirmed by Eddington, Dyson, Hough, and Ilalm, and the latest 
values by Eddington from the proper motions of Boss’s Catalogue 
place the apexes of these two drifts as follows: Drift I toward the 
constellation Lupus between Cards Major and Orion, about 10° west 
of Sirius (R. A, 90*S% Doc. — 14.0®; drift II toward the southern 
constellation Pavo or away from the northern constellation Camel o- 
purdahs (R, A. 2S7,B% Doc.—He finds that drift I is moving 
apparently nearly twice as fu&t us drift XI and contains about 60 per 
cent of the stare. 

When, however, diowanee bintide for the solar motion wo find that 
these two drifts are moving, one toward the constellation Orion about 
northeast of nr Ononis (Betelgeux), R. A. 94.2% Dee.+ 11.0% and 
the other in the opposite direction; exactly as if we were in the midst 
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(if two sidereal systems interpenetrating one another—a very fas¬ 
cinating hypothesis. 

This hypothesis of the two drifts deduced from a discussion of the 
proper motions of the stars is strongly confirmed by Campbell's inves¬ 
tigation of the radial velocities. Wo should cxpectj if there aro two 
drifts of stars toward and from this point, in Orion p that the radial 
velocities of stars in this and the opposite point of the sky should be 
greater than at poults at right angles to these directions. Campbell 
found that the velocities in the vertex and anti vertex are 33 per cent 
greater than at points about 90® from these. 

Besides the two thrifts of slats we have smaller groups of stars in 
different regions of the sky, all the stars in a group having a motion 
approximately in the same direction and of the same velocity. Such 
groups are quite different from drifts where there m only a pre¬ 
ponderance of motion in one direction! and are called star streams. 
Perhaps an analogy may help to make the matter of star drifts* star 
streams* and solar motion clearer. If you imagine yourself 'walking in 
a park where there are many people moving about at random it is evi¬ 
dent tliatj spoakinggeiicraJly* the space bet ween those you are approach¬ 
ing opens out, between those you are moving away from closes in, 
while people at cither side, on the whole, appear to move backward. 
Tho apparent motion of tiro mass clue to your own motion is analogous 
to the star drift duo to the tolar motion. If among the people there 
arc. say, a company of soldiers or a picnic party moving in n given 
direction wo have an analogue of a star stream, 

It was first pointed out by K. A. Proctor* about 4Q years ago, that 
five of the stars of the Dipper have proper motions in the same direct 
fcion and of approximately the same magnitude; and thb stream has 
within tho last two yours been thoroughly investigated by Luden- 
durff* of Potsdam, who determined their radial velocities* and more 
rec ently by Herzsprung, who found that the slurs Sirius and a Ceronfe 
Borealis* as well as some fainter stars, also belong to the group. It is 
a comparatively simple problem mathematically to determine the 
mean parallax or distance of such a stream when wo know tho con¬ 
vergent point or apex and the proper motions of the group with the 
radial velocities of two or three of them. The parallax of the five 
stars of the Dipper comes out as ,0352"* which is equivalent to a light 
journey of about 9n years* while they are all moving at a velocity ol 
20 kilometers per second toward a point in the southern part of the 
constellation Sagittarius (ur=303.2° F 9** —36.6*). It is shown 
fui thcr that the stars of this group are at tho sums order of distance 
apart as iiio sun is from some of the nearest stars—about 20 or 30 
light years—and that they are about 100 times ns bright, as the sun. 

Another group or star stream has recently been found in the con- 
stellate>n Taurus by Prof. Boss* consisting of 39 stars, forming a 
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roughly globular cluster about 15° in diameter* These stars are all 
moving with a vdodty of about 40 kilometers (25 miles) per second 
toward a point in the northeastern part of Orion, about 35* from the 
center of the group. Their parallax, computed as before, is 0.025'% 
or I3fl light years distant. Boss bos calculated that in 05,000,000 
years they -will form a globular cluster about 21' in diameter and of 
magnitudes 0 to 12. 

The most, recent discoveries in star streams were given by Prof, 
Kapteyn, at the solar union meeting, on Mount Wilson, last August, 
He has found, by selecting from Boss's Catalogue alt the stars of the 
Orion type characterized by the appearance of helium lines in their 
spectrum and so called since most of the stars in the constellation of 
Orion are of lids class, that in a largo region of the sky they are 
moving in nearly the same direction ami at nearly the same rate. 
This region contains the constellation Scorpio and Cent auras* cover¬ 
ing 4,500 square degrees and extending roughly from I2 h to IS* R* A* 
to and from Dee* 0° to —60°. In another region of 1,300 square 
degrees in Perseus from 2 h 50“ to 4* 30® R. A. and from -t-15° to 
-3-55° in Dec., all the stum of the same typo arc moving in a different 
direction. When motion of the sun among the stars is allowed for, 
Prof. Knpteyu finds that these apparent motions are equivalent to 
streams moving in exactly opposite directions and at equal rates* 
lie finds those stars are very distant from the sun—from about 125 
In 500 light years. 

It b evil lent that the sidereal universe is a complex structure 
and having complex drifts and motions of stars and systems of stars 
in its part. Wo may be able to gyr, a further idea of the magnitude 
of the problem by considering some of the recent results obtained 
for stellar distances. Wo all know, of course, that the nearest fixed 
star, rtf Centaurh is slightly over 4 light years dbtant, about. 275,000 
times the distance of t he earth from the sun, 25 millions of milli ons o f 
miles* There has been a very marked advance in recent years in the 
determination of the distances of the stars* so r lint we now know wit h 
reasonable accuracy by direct method* the parallax or distance of 
about 2fHJ stars* There are several indirect methods, one of whir Si 
has bri’M mentioned in connection with star streams, which give us 
what, may be called mean or average parallaxes of groups of stars. 
X have not time to go into these methods, but it may suffice to give 
a couple of tables Indicating in a general way the average distances 
of stars of different magnitudes and of different types* If we take 
the blue stars, those of the second magnitude are on the average 100; 
of the fourth, 200; of the sixth, 400; of the eighth, S00; of the tenth, 
IpGOO; and so on, light yearn away* doubling for a change of 2 mag¬ 
nitudes, while if we consider stars of different types we have from a 
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recent paper of Kaptcyn's that the average distance of fifth magni¬ 
tude stare is for tho helium stars 500 light yrare; for the hydrogen, 
300; fur the solar, 130; for the late solar or fluted spectra, 270; and 
for the carbon or deep red stare, 4,500 light years, 

Recent spectroscopic studios of some of the niihuhfi have indicated, 
from the fact that their spectra are somewhat similar to our sun, 
that they are probably composed principally of sol nr type stare. If 
wo consider the Great Nebula in Andromeda, wlddt is a typical 
example, we are forced to the conclusion, if such is the case, that it 
must be thousands of light years distant and probably forms a uni¬ 
verse by itself. Indeed, it is practically certain that the globular 
dusters, like that in Hercules, which some of you have seen through 
the telescope, are compact aggregations of stars whose average dis¬ 
tance from one another are of the samo order as the distances of our 
sun from the nearer stars, say 5 to 20 light years, and, in that case, 
the clusters are of the order of 10,000 light years distant from us. 

It is quite certain then t hat the visible sidereal universe is ol almost 
inconceivable dimensions and of a structure so complex that, although 
wo tiro gradually obtaining a knowledge of sumo of the motions and 
some idea of its form and arrangements in pari, wo are yet far from 
any clear notion of its constitution. Yet when we consider how the 
human mind, though inhabiting for only a few years this minute 
planet, accompanying a comparatively insignificant star of (he sys¬ 
tem, has been able to reach out to the inconceivable depths of space 
and reduce some of the confusion of star's to orderly systems, bos 
been able to deduce the laws which govern these system*, thus unify¬ 
ing, in a certain degree, all the wonderful phenomena of suns and 
planets, comets, stars, nebula? and clusters, into uno whole, we do 
pot lose hope that eventually it will Ik; ablo t■> much further unravel 
the mystery of the universe. 



THE AGE OF THE EARTH,' 


■ByJ. Joit, F.R.S. 


The recent contributions to the data bearing on the subject of the 
ago of the earth have strengthened the evidence derived by two very 
different method* of computation; that bused on the study of solvent 
denudation and that baaed on the accumulation of radioactive waste 
products in minerals. While the indications of both lines of inquiry 
seem individually rendered more definite bj' those advances, the diver¬ 
gence in their final results have, if any tiling, become intensified. I 
propose in the following pages to renew the opposing methods, as 
briefly as the many details permit , and to discuss the jioseibiiity of 
reconciliation. 

the AOE OK TICK OCEAN DERIVED FROM SOLVENT DENt’DATlOV, 

Three recent contributions to this subject have appeared: Prof. 
Sollas's Presidential Address to the Geological Society of London, 
1909; a paper on “ A preliminary study of cUcmical denudation," by 
F. W. Clarke (Smithsonian Miscellaneous Collections, voL 5G, June, 
1910) ; and a paper by G, F. Becker on " Tho ago of the earth" (Smiili. 
soniati Miscellaneous Collections, vol. 50, June, !910), 

These recent discussions chiefly center round the ascertainment of 
the true present rate of supply of sodium to the ocean. The limita¬ 
tions of the method are also discussed. 

My own original estimate of the age of the ocean 1 was booed on t lie 
only data then available — the estimate* made by Sir John Murray of 
the average chemical composition of river water and the probable 
total annual discharge of the rivers into the ocean. Calculating from 
its estimated volume and mean chemical composition the mass of 
sodium now in the ocean, and dividing this by tho calculated amount 
of sodium entering annually from the rivers, the uncorrectcd ago of 
99.4 million years ns obtained. To this I applied certain corrections, 
to some of which I shall refer later. The final result of these correc¬ 
tions left the age os from SO to 90 million years. 

1 Rj print rd b^ prfmlial«4 P rerblan bj ttw mUiOfr from lb* Ftdioaepfoloali l^indno, 
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Prof* Sol las approaches the question by a recalculation of the 
average amount of sodium discharged by the rivers annually. He 
finds that the added results available, as derived from the rivers of 
North and South America and Europe* give the uncorrected age as 
7S million years. After a careful and detailed discussion of the correct 
lionaj SoDas concludes that the ago lies hot ween SO and 150 million 
years; the latter figure being based on extreme assumptions. 

Clarke buses his discussion of the question upon what be terms the 
denudation factor* L e + * the number of metric tons annually removed 
m solution from a square mile of drainage area. This is esrimnted for 
a number of important rivers of the world* accounting in this way for 
a drainage area of 2S millions of square miles out of the total of about 
40 millions which drain to the ocean. The mean value found for the 
denudation factor is 68*4 tons* Assuming that this denudation factor 
is a fair average for the whole, the entire matter in solution discharged 
into the ocean in a year is 2 P 735 millions of Iona. From the chemical 
analyses of this saline matter for the several rivers* an average- com¬ 
position for each continent is found. When this is weighted for the 
quantity of water contributed by each continent* a final weighted 
mean composition is obtained which may be applied to determining 
the Integral of the sodium passing annually from rivers to ocean. In 
this way it is found that 175,040,000 metric tons of sodium are annu¬ 
ally discharged into the sea. Clarke next finds the total amount of 
sodium in the ocean to be 14J30X10 13 tons* My own results were 
based on a slightly higher value—15,011 XI0 U tons. From his fig¬ 
ures* Darke now gets the uncorrected age as SO P 72G.QOO years. 

Although the numerous analyses which go to build up this result 
are not of equal value* there are certain satisfactory features in the 
computation. 

It is explained by Clarke that in the wonderfully detailed analyses 
of the Mississippi bv Dole and Stabler* taken dong with their work 
on other great rivers of North America and with the observations of 
Forbes and Skinner for Colorado, data have been obtained for the 
United States which are not likely to bo much altered by ony future 
analyses. Twenty-two river basins enter into the mean for the 
United States, giving a mean denudation factor of 70 tons. For the 
rent of North America an estimate only la possible; but* for reasons 
given* Clarke concludes that “if wo assume that G millions of square 
miles of North America lose 79 me trio tons in solution per square 
mile per annum* and that the composition of the saline matter so 
transported h that found for the United States done* we shall not bo 
very" far from the truth.“ Possessing thus a standard based on the 
drainages of a great continent* we fed confidences in our criticism of 
other data. The quantity of water thus dealt with is rath or more 
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than one-fourth of that supplied by the entire drainage areas of the 
earth. 

It will bfc aeon from the tables giTen bj Clarke that tho moan 
denudation factor of GS.4 tons is in good agreement with the stand¬ 
ard result from North America, nor is it Terr largely departed from 
by the factors derived from other continents. 

There can, I think, be little doubt that the results arrived at by 
Clarke and Soli as are not likely to bo seriously disturbed in the 
future. It is most improbable that they require amendment to the 
extent of 50 per cent. This being so, we conclude that the uncor¬ 
rected estimates of the age of tha ocean as based on solvent denude 
tion is of the order of 100 million yearn. It remains now to consider 
the legitimate corrections to bo applied to this figure. 

At tho present moment the most important aspect of this method 
of evaluating the ago of tho ocean is involved in its degree of relia¬ 
bility as affording a maximum value of tho time elapsed since solvent 
denudation began. This point I shall therefore specially consider. 

The errors affecting the crude result found by dividing the sodium 
of the ocean by the annual river supply, and tending to make this 
estimate too small, are: 

(o) Underestimation of the sodium now in the ocean. 

(J) Neglect of sodium which at some period in tho past may have 
been in the ocean, but is now removed from it. 

(c) Ove res delation of tho legitimate river supply of sodium. 

(d) Decreased river supply of sodium in the past. 

Of these possible sources of rror (o) may be at once dismissed. 
The average depth and area of the ocean and its average chemical 
composition are sufficiently wall known to preclude the possibility 
of any serious error. 

In "considering (l) it is necessary to bear in mind the magnitude of 
the auantities involved. The saline njatter in tho ocean would rep¬ 
resent a volume of over <1,800,000 cubic miles on Clarke's estimation. 
I have formerly pointed out that tho rock salt alone would suffice to 
cover the land area of the globe to a depth of 122 melcis. In com¬ 
parison with quaotitles so vast all tho salt deposits known sink into 
insignificance; nor is it likely that deposits adequato to enter into 
consideration exist. 

Tho errors referred to in (c) must bo of the nature of cyclic sodium— 
that is, sodium which circulates from the sea to tho land and back 
through tho rivers to the ocean. Cyclic sodium exists in tho form 
of wind-borne spray, which, descending on the land with, tho rainfall, 
augments that which is truly derived by denudation. In arid 
regions it may settle as dust, to be, under special circumstances, 
washed ultimately into tho sea. Again, the sodium which the riTere 
3&7J* D -e* Iflll - IS 
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may derive from the ancient salt deposits which have been impounded 
from the sea h cyclic. 

The influence of wind-bome sodium has been fully discussed by 
Soil as, Clarke, and Becker. There can be no doubt that it is rela¬ 
tively unimportant. My own original correction waa 10 per cent of 
the river supply. Becker, by examining typical cross sections of the 
isochlors, determined for the rainfall of western North America hy 
the United States Geological Survey, finds that an allowance of 0 
per cent is sufficient, Sol I as shows that those iaochlors indicate that 
but a small fraction of the sodium chloride of the American rivers 
can be referred to this source, Clarke, by a somewhat different line 
of attack, concludes that a correction of 7 per cent on the sodium 
conveyed by the rivers of the United Staler is a maximum allowance. 
Clarke further considers that a correction for sodium chloride carried 
as dry dust b unnecessary. 

In a paper contributed by me to the Geological Magazine (May, 
1900) I considered the possibility of oceanic sodium existing dissemi¬ 
nated in tho sedimentary rocks* Such sodium would be of courts 
cyclic. It was cosy to show that, oven on excessive estimates of the 
occluded sodium chloride in such rocks, taken in conjunction with 
their rate of removal by denudation, this source of supply to the rivers 
is less than l per cant. Clarke reconsiders the question and finds 
the allowance would not be more than 1 per cent. Three per cent k 
regarded by Clarke as a maximum deduction for sodium artificially 
supplied in modern times to the rivers. 

Oceanic salt deposits are not veiy abundant over the surface of 
the earth, being generally confined to particular formations. That 
they seriously affect the river analyses of all the great rivers of the 
world is in the highest degree improbable* In any case if wo deduct 
all Lite chlorinated sodium from the river supply wo must include 
also all sea-derived sodium. It we effect this calculation, we obtain 
an age of about lpO million years. I do not think it will bo disputed 
that this figure is in its nature excessive. 

There remains the possibility (d) that the assumed uniformity of 
past and present conditions k illusory; in other words, that special 
conditions now exist tending to bring about an abnormally great 
river supply of sodium. 

The present Is admittedly a period of large land exposure. This, 
however, involves a fact which must be held in mind. At the pres¬ 
ent time the land area actually draining into tho ocean is about 39.7 
millions of square miles. Tho total land area is, however, rather 
over 55 millions of square miles. It follows that about 30 per cent 
of the land area contributes nothing to the ocean. Or, again, the 
area* which one classed au H rainless ■that is, which have less than 
an annual rainfall of 10 inches and have no miboff—are estimated m 
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one-fifth o! the whole. Under such circumstances tran&greasion of 
the ocean upon the land simply results in the diminution or disap- 
pearaneo of the great continental desert regions* It bos boon shown 
by Murray that it would require a vertical depression relatively to the 
ocean of GOO feet in order to reduce the existing land area by 2G.7 
per cent, Penck, on the same data, concludes that a submergence 
of 200 meters would reduce ihe area 29 pet cent. A submergence 
of nearly 1.500 feet is required to diminish the land area 50 per cent. 

It k for geologists to judge whether world-wide transgressions of 
these magnitudes obtained for any long periods in the past. So far 
as I know, paleography would not support such transgressions, A 
recent study of the Paleography of North America by C. Schuchejrt 1 
leads to I he conclusion that the mean area of that continent through¬ 
out the past has been about eight-tenths of its present area. In his 
Truitt d< Geologic, Do Lap parent, in a scries of well-known remora- 
lions of ancient geography, shows how far. as judged by tbs sedi¬ 
ments, there was transgression of the sea upon the land at various 
epochs. It does not appear that we can infer, even at the climax of 
the great. Cenomanian transgression, that the existing land was at 
any time covered to one-half its extent. And mindful of the fact 
that the area of denudation is in most cases much greater than that, 
of deposition, when the latter is greatest the necessity of accounting 
for the former involves the assumption l^at tracts of laud now sub¬ 
merged were then exposed. Without assuming the former exist¬ 
ence of lost continents in the central oceanic basin*, there ^eema 
very strong evidence for the disappearance of former land. The 
evidence is found in our own islands, in North America, In India, 
South Africa, and Australia and elsewhere. Wo have to recognize 
continual fluctuation*, but the evidence for a prevailing reduction of 
continental areas by n* much as 50 percents Of even 25 per contain 
tho past is, so far as I know, not forthcoming. W® might go further 
and state that so great a diminution of existing land area as 50 per 
cent certainly did not prevail in itm past. Such a reduction in¬ 
volves about 25 per cent of the present rate of solvent denudation 
and increases the age accordingly. 

Meteorological conditions a unless occasioned by a prevailing change 
in the amount of solar heat, can not bo supposed to have steadily 
affected in one direction the rate of denudation. It is worthy of 
note that the testimony derived from the solvent denudation of tho 
continents shows that clinmtal conditions do not* within the liimts, 
seriously affect the rate of solvent denudation. This finds explana¬ 
tion in the extremely complex nature of tho factors concerned in 
rock weathering and rock solution* Now, the mere abundance of 
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life throughout the world in every age since the Cambrian, and very 
certainly in pre-Cumbrian times also, is sufficient indication that 
climatal conditions can not have l>een an extreme as to seriously 
inhibit denudation* It would bo easy to cite evidence from sun- 
cracked sediments dating back to Temdonian times from teeming 
oceanic life now confined to tepid seas, but at various periods of 
geological history inhabiting every part of the ocean, and finally 
from forest growth and insect life on the land, that there La no evi¬ 
dence for continued lessened solar heat in past ages. 

But existing soil conditions might bo exceptional. There arc 
to-day groat sheets of glacial clays spread over the northern lands of 
the cartli. May they not affect the river discharge of sodium 1 
The answer is to bo found in tho river analyses. It b sufficient Lo 
refer to the figures cited by Clarke in his Data of Geochemistry. 
There is no indication of excessive supplies from northern rivers. 

f am not aware of any sources of error other Hum those now con¬ 
sidered. It would appear that solvent denudation estimated in the 
onlv manner open to us assigns an ago to the ocean which at its 
probable maximum does not exceed 100 million years. Assuming 
that certain sources of error combined to lower this ago, for instance, 
that more complete knowledge will reveal a lesser sodium supply 
than has been determined on existing data’ that the cyclic sodium 
should be taken as somewhat more than wo have assumed; that 
former fluctuations of land area on the whole produced an effect on 
solvent denudation; assuming all this, we might bo somewhat out in 
our reckoning, We have, however, neglected oil those sources of 
error tending lo increase the ago unduly. Chief among these are 
the following: Primitive sodium existing in tho ocean; marine solvent 
denudation effected directly on tho coasts and sediments; sodium 
supplied with volcanic ejcctamenta; sodium supplied by submarine 
rivers and springs. For a discussion of these sources of error I must 
refer to the several papers cited above. It is generally conceded 
that any precise evaluation of their effects is not possible; so that a 
considerable margin must be left when considering the minor limit 
of the age of the ocean by this method. They certainly produce 
some effect as a set off to the corrections already dealt with. When 
all is considered, I believe it will bo found that the most probable 
result baaed on solvent denudation k 100 million yearn, or close to 
this, and rather under this than over. It is against probability to 
add 50 per cent to this value. We can only double it by appealing 
purely and simply to the imagination for effects of which wo possess 
no indication, and the existence of which m at variance with w hat we 
know. 

The age as determined is based upon the summation of the sodium 
supplied by the riven during geological rims. This integral can, 
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obviously i give us no information as to the relative durations of the 
geological epochs. The latter question can be approached in two 
ways, (!) By means of the stratigraphicftl column or measured 
maxima of detrital and chemical deposits* assuming that these were 
laid down at an approximately uniform rate; and (2) by the radio¬ 
active method. T shall first consider the former method- 

THE AGE FROM THE BEDIM E NT Alt Y COLUMN 

As the result of the observations of geologists in many parts of the 
world, the maximum thickness of the strata deposited in the various 
geological periods may bo estimated as follows: 
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This compilation is due to Prof. Bellas. 1 

It is not probable that there will he in the future any very large 
amendment uf these figures so far as they refer to poat-Aigonkian 
time. The Jurassic, as Bellas observes, seems deficient. The pre- 
Cambrian is the most obscure among the estimates. It claims our 
special attention, not only with reference to the thickness of accu¬ 
mulated aedhuentH, but m so far as the observations may throw* 
light on tbo denudative conditions of the time* 

In no part of the world are pre-Cambrian rocks better developed 
and exposed than in and around the Archaean shield of Canada; and 
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fortunately no rocks hive ton more carefully studied within recent 
years. The appearance of the monograph of Van Ills* and Leith* 
places the known facta at our disposal along with explanatory 
remarks of the most helpful character. 

It will be remembered that moat American geologists now sub¬ 
divide pre-Cambrian rock* as follow*: 


ElvtCCMtUl. 

Upper Ilupnnu&n. (AnimSkaa]. 


JJnstHui 1 lf .J l| ..j j 

M lij it 11 - niinmaan. 


Lower tfaicniaic 
LlUIVDtULfi. 



Prior to 1004 the Lower and Middle Iluroman were together railed 
Lower Huronun. Alternative names for the three divisions of the 
Hmoniitn are Lower, Middle, and Upper ilarquetUan. The lines 
represent unciinfo ran t iea. 

A sLudy of the recorded facts shows that the higher estimates of 
Kewcenawtin rocks include preponderating amounts of igneous rocks* 
both effusive and volcanic. The time value of these materials is prob¬ 
ably—nay, certainly—small. Van Hiao cites a case where the accumu¬ 
lation of T p (M)0 to 8,000 feet of Huron] an volcanic materials is paral¬ 
leled by the collection else where of 700 to 800 feet of ordinary sedi¬ 
ments. 3 The estimates which approximate to os much as 45,000 feet 
include some 30,000 feet of igneous or mixed igneous and sedimentary 
materials. 1 No sedimentary column thicker than 17 r 000 feet is cited. 

The lluronum, or lower division of the Algonkian ? is nowhere* save 
in an early estimate of WinehelI T s p found to embody more than 15*000 
feet of sediment b. WiftchcITs estimate 1 is obscured by the nomen¬ 
clature, and would seem to include Archssn rocks. If his Murquot- 
t'hn, wliii h name be applies to rocks formerly known as liewatin* 
includes Lower Huron! rm only* we have an estimate of 27*000 feet for 
this division- The est unato would be unique. Tlie highest distinct 
estimate of Lower Huronifm which I have found in the Bulletin b 4i a 
possible maximum thickness M of 10*000 feet, of which 5,M© feet are 
true sediments. 1 

The Algonkhn generally is variously estimated, but in no case is a 
thickness greater than 50*000 feet cited. In the Cordilleras the Belt 
series—30,000 feet—plus tho Cherry Creek series may amount to 
more. It does not seem likely, however. The former series is char¬ 
acterized by Van Hifie and Leith m unique among the pre-Cambrian 
series of North America for wide extent, thickness, and lack of defor¬ 
mation. There is no apparent unconformit}' between the Cherry 
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tYcek series ucxtl the gneissic rocks beneath. In the Selkirk Mange 
40,000 feet of deposited rock are recorded, but the eorrelatba is some¬ 
what obscure* suggesting tlmt its age may not bo entirely pre-Cam- 
brum. In, Nova Scotia sedimentary rocks, probably Algimkian, 
am i > t int Lo 2 G ,000 feet + Tho C&nad i an II uronian (eq uivalent to Mgo n- 
Man) baa been climated up to 50,000 feet* It is largely volcanic, anti 
contains uiistratified igneous 

It is remarkable that recent work has in many cases tended to 
reduce the estimates of earlier observers, Chamberlin and Salisbury 1 * 
point out the liability to ovc rest hunt ion which exists in these eases. 
These same observers state: 3 

Tke nummam ihidem of ihe jryawm (Kewoenawpn l ha* been m m^Hy 

&0 000 feet, but, it is not impossible that this estimat* U an exii^e-raled aae. H it be 
cdm?cE r the Ke weens wan 1 a tbe thickest Wy of p^t-Afch&arv rock ^furred to any oa-n 
pt’fiwJ.' Thin wmingly incredible ifaicko™ may merely mean todinod deposition 
and subsequent tatting Mid ab oaring and lie cjuimaco be allegeUi&rcem?eL 

And of the pruterozoic systems collectively in tho Lake Superior 
region they write: 5 

1 f turns of the efftimta? ure emsgerated, there la aa aggregate of more thm UO^OOO feet 
of sedimentary rork in lk& probynsclc systems. 

It would appear, then, that tho Keweenawan at its maximum, m far 
m observed, is loss than 50,000 feet, and its true sedimentury thick- 
ness evidently considerably km. The Hum man does not appear to 
have been reliably estimated as above 15,000 feet. Together the max¬ 
imum estimates for the Algonkmii are not above 60,000 to 05,000 feet* 
inclusive of igneous materials. In its great development in the Cor¬ 
dilleras It would appear that a maximum of 40,000 feet of true sedi¬ 
ments would be safe, on the existing data. 

With the Arcluean we are not kero concerned. Van Hisc and Leith 
briefly Bummame our knowledge of the Garber rocks in these words; 4 

The Alflonkijm in charaebomad by wel3-wmrt<?d fragmental and chemical sediment 
giving evident of yilenaivfl decompodtion of Sand and of the passage of annual 
eyd« of e™foft r igneous rocka are abundantly preaual, but fur the moat part are auh- 
unlioaie- in amount t& tho seilimentj. The Arrhiraii b eharacteriasd mainly by igao- 
oil* racks with the aodimtali in very small quantity. The Arduean aedLmcnb, mon* 
ovfir, ate frequently of wacko type* and i so far as kiwwn, are net lankly of the cleanly 
aborted kinds r«wuUing from complete deccLmpoaiutm as La Lb a Algoatiaxi. 

Similar testimony ia borne by Chamberlin and Salisbury. 1 

According to the definition of AJgonkiun and Archieon we must 
draw a line at the hose of the former as representing that limit at 
■which geological time, as an era of sedimentation and solvent denuda¬ 
tion* began. 11 The Archaean was essentially a period of world-wide 
vulcanism, and hi the relative proportions of rocks of Igneous and sodi-* 
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mentary origin represents a departure from tho uniformity of condi¬ 
tions of later geological times.” J 

Turning to the pre^Uambrian geology of oilier parts of the world wo 
find that the Torridonian and Lawman of northwest Scotland In 
their mutual relations and pctrographical characters resemble the 
Algcmkian and Archaean divbionii of North America. The aggregate 
thickness of the Torridonian has been estimated at not less than 
JOjOOO feet* To this the Dalradian has* possibly, to bo added. 

The pre-Cambrian rocks of Finland have been divided by Sederhchn 
as follows: 

Jotnian. 

J&tuli&n, Upper. 

Jatuliim, Lower, 

Kcdcvian, Upper. * 

KsJevian, Lower* 

Bottnian. 

LadogiaiL 

Katarchfcan, 

Sedcrbolm makes the same statement regarding tho Jot man, 
Jsituhan, Ealevum, and Boltman as has been mado with reference ro 
the AlgonMan. Sederholm says: 

At letL-t n_- br b*ck as during BoU&ka tltno the climatic comiitia&tp were not sc&sibSj 
tifhwni irtw tWoflater£&oic£te*I pericnia, Lid ibown by tho cxljtennr-of r.which, 
in #ptfce of their in etAmorphic dimeter, ihow themselves lr:> bo sediment# with the 
Barn* ocular idtemaltnn of ebtyey #nd mndy materia] (vtmwl stratificadnn) ns the 
c bL SaI days of that Fame legion, explainable only by teaming a re^ukr change of 
mBatons. 1 

The parallel suggested by Sedcrbolm with the Lake Superior rocks 
is as follows: 

landau oqidvalent to Ki-wranawan. 

Jiutilbui equivalent to Ammilclan or Upper H tubman. 

KaJoviflu crj ui\Ti!unt to Lower Huron inn. 

Van HIse anti Leith further suggest the correlation of tho Ladogian 
and KnLarcb^an with the Kewatm and Laimmtian; tho Ladogian 
being intruded by ibo granites and gneisses of the Eatarchtean. 

In China a basal complex of gneisses having very subordinate masses 
of sedimentary materials underlie four sedimentary groups, originally 
muds, grils^ conglomerates, and limestones; having, in fact, all tha 
characteristics of the Aigonkian. In short this prevailing re lation 
of an older gneissic md dominantly igneous system with an uncon- 
fommbly overlying metamorphosed sedimentary and volcanic 
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series—which tig aixi b divided by unconformities—is a significant 
feature observed in mmj widely separated ports of the world. 

Tho above cited facts seem to show (1) that we arc entitled to com¬ 
mence our reckoning of the sediment at}* column fit the base of the 
Algonkian; (2) that the existing sedimentary deposits of that epoch 
are probably not greater than the more or less concordant observa¬ 
tions from several localities indicate; (3) that the early sedimentation 
was similar in character to that which proceeded in subsequent periods. 

Although much is gained by these deductions* it is difficult to deter* 
mine any ap proximate time equivalent for these ancient deposits. His 
true that there is no reason to sop pose that their derivation proceeded 
at a different rate from more recent ones] their rate of accumu¬ 
lation, however, may have been and indeed probably was quickened 
by lass stable crust conditions, permitting more localized depresrions 
and greater concentration. The geographical disposition of the earlier 
sediments sometimes affords evidence of this. There are, again, 
several unconformities in the pre-Cambrian succession which do not 
appear to be represented in the known sediment ary accumulations. 
Van IT™ and Leith recognise the principal unconformity ns separat¬ 
ing the Arehmin from the Algonkian, Adams p however* recognizes 
one of equal significance beneath the Upper Hutonhu*. Three uncon¬ 
formities occur within the Algonkian. That these are indicative of 
considerable lapses of geological rime is highly probable. 

A discussion of tho time allowance for these early uneonfonnitics 
would lead us too far into speculation. It may be observed, however; 
as regards the evidence for prolonged periods of denudation deduced 
from regional base leveling, that the instability of tho early crust 
must again be kept in mind. It is probable that tho Algonkian 
mountains wore not of the dimensions of those of later periods and 
that, therefore, they were at once more rapidly formed and more 
rapidly removed. Van Hisc and Leith suggest that the unconformi¬ 
ties may represent as much sediment again as now remains to observa¬ 
tion, This, of course, can only be matter of opinion; and I have as 
far as possible endeavored to exclude what is purely matter of opinion 
from this review of the subject* It would seem, however, that SolWs 
estimate of 82,000 feet of sediment includes such an allowance as ap¬ 
pears possible to Van Ilisc and Leith. 

Taking oil into account—and much has been omitted which might 
be said upon the subject—it does not appear that Prof. Soil os's com¬ 
pilation of tho stratlgraphical column need he seriously disturbed. 
IF we double the estimate for the Jurassic we at least tend to reduce 
the possibility of error of deficient^ in the thickness assigned to this 
system. This brings tho column up to P say, 345,000 feeL 

What now, finally, is the time value of this enormous total 1 Un¬ 
fortunately tho average rate of collection is a very indeterminate 
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quantity. We ary, 1 believe, at liberty to assume that the rate of 
deposition and sinking was anyLlring from, say, 1 foot to but a few 
inches in a century, A rate of accumulation of 4 inches in a century 
inteqtfela I lie geologies] column as indicating 103 millions of years. 
Three inches gives us 14* millions. The order of the time value is 
probably indicated m these figures. 

it is important to note that the fads of solvent denudation place 
a quite definite limit on the amount of sediments which have been 
formed during geological time. The sodium winch has reached the * 
ocean has originated in the conversion of igneous into sedimentary 
rocks. It is easy to calculate from the composition of a generalized 
igneous and a generalized sedimentary rock and from the quantity of 
no drum in the ocean that the denudation of about 34 million cubic 
miles of igneous rock, producing about 00 million cubic mile* of 
sediment, accounts for the sodium in the ocean. Such a quantity of 
aedkuentaty rock would, il all wm now on the land, cover the present 
land area (55 million square miles) to a depth of a little over I mile. * 1 
As it can he shown that somewhat Jess than a third of the sediments 
have been precipated as oceanic deposits, 1 the average depth of the 
sedimentary rocks on the land is Jess than 1 mile; about 4,000 feet* 
The total sedimentation tliroughout geological time must be restricted 
witldn this limit. Possibly the limit is too high, for there may have 
been some sodium in the primitive ocean. It is diffi cult, to show 
wherein it is too low. This limit must define not only sediments 
which keep their recognizable characters as such t but those which 
may possibly hnvo been metamorphosed beyond certain recognition. 
It k significant that the guesses (for they can only claim to bo such) 
of several writers as Lo the amount of recognizable sediment upon the 
land areas, do not diverge very far from tho suggested limits. Thus 
Van Hise thinks these rocks may be taken m on an average covering 
the continents to a depth of 2 kilometers. Clarke thinks that the 
sediments certainly do not occupy a bulk equal to the whole land 
extending above sea level This would amount to leas than an aver¬ 
age of 2,411 feet deep over the continents. The sediments in the sea 
would be additional to this. 3 These estimates may be guesses, but it 
h improbable Shat they are several times in error. The observed 
amounts of sediment are not then in discord with the limitations 
imposed by solvent denudation. 

THE AGE or THE EARTH BY RAI>IOAOi!lVl^l* 

The radioactive investigation of the age of the earth is based upon 
the accumulation in minerals of (he inert products, helium and lead. 

Thu rate of production of Iicliuni by a given amount of uranium 
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may bo regarded as known with considerable accuracy. It may bo 
assumed that 1 gram of uranium m equilibrium gives rise to, closely, 
10.7x10"® cubic centimeters of ho Li uni (measured under standard 
conditions) per year. Thorium and its products of change are just 
as widespread in occurrence as uranium. The contribution of helium 
derived from the thorium group must, therefore,, hi most casfa 
bo &ko taken into account. Failing direct measurements of the rate 
of generation of helium by thorium, it hi pebble to e^Limat^ this hi 
terms of the output due to uranium by a comparison of the ionization 
effects of the two families of substances. This comparison has been 
made by Boltwooil Allowance has further to be made for the differ- 
cut ionizing activity of the alpha ray* from tho uranium and thorium 
series due to their differing velocity and range. The final result Ls 
that 1 grain uf thoriu (ThO a ) h equivalent, mils rate of production of 
helium, to 0.203 gram of V t O r The * f helium ratio” of a mineral is 
the helium in cubic centimeters per gram of total equivalent 
uranium oxide present, Tim is the usage adopted by Strutt. In a 
recent paper 1 Strutt experimentally verifies tliis procedure by direct 
measurement of the hdium evolved by minerals rich in uranium and 
thorium. 

The use of lead as a measure of geological time involves the assump¬ 
tion that Bolt wood's then ry k correct, i. e. r that lead h the final 
product of decay in the uranium series. There b strong evidence in 
favor of this view, Xolably the fact that the atomic weight of 
uranium, less that of the eight alpha particles which are known to be 
emitted during its several stages of disintegration, descends to that 
of load. The universal association of the two elements and (he con¬ 
nection of this association with geological time, constitute further 
evidence. 

The mass of lead generated in one year per gram of uranium is 
easily found from a knowledge of the moss of helium produced. 
The tatter, calculated from the volume, is found to be LSSxiCr** 
gram. The associated lead will be 1+22X10^* gram. That is, the 
presence of one gram of uranium involves the production of J .22 x 10” lfi 
gram of lead per annum, A small correction may be required for 
the exhaustion of the uranium. 

Tho most obvious criticism which the radioactive method suggests 
may bo embodied in the following possibilities: 

(a) Risk of the original presence of helium or lead Ln the minerals 
investigated. 

(5) Risk of loss of helium or lead, or their gain from spurious 

sources. 

An regards the first of these heads there is evidence that helium 
or lead may be originally present in tho substance* In fact, we may 
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in ft general way consider that the same causes which lead to the 
segregation of omnium or thorium most probably led to the concen¬ 
tration of other substances. Thus at kasL is probable where, as in 
the case of zircon, none of the substances dealt with are essential 
parts of the molecule of the mineral. The magma or menstruum 
from winch the parent radioactive substance* are derived may be 
very rich in helium or lead, and the amounts of these constituents 
which enter into the mineral may be considerable. It follows that 
the absolute value of the helium or lead ratio involves the events 
attending the genesis of the mineral. It b even quite probable that 
substances crystallized out within a plutonic in ass r and which, at 
first sight, might he thought secure from impurities of this sort, 
would ho seriously affected- Consider the case of a mineral of early 
consolidation such as biotitc. It is field by many petrotogists that 
the substances first lo crystallize are not necessarily those whr>*o 
molecule* were first formed in the magma. Biotitc or horn bleu do 
may, indeed, crystallize in advance of feldspar or quartz, but they 
do so in presence of already formed molecules of these bodies or of 
molecules which are forerunners of these bodies. If this were not 
the case the adjustment of the alumina to the potash, soda, and 
lime which appear in the feldspars would be inexplicable* 1 On this 
view ll char explanation h found of the heterogeneous concentra¬ 
tion of elements in bodies of early consolidation- These minerals, 
in a sense, are residual, receiving those elements which have been 
excluded from taking part in earlier molecular grouping. The final 
result is a "forced isomorphism/' 

The same phenomena, on an intensified and more demonstrable 
scale, appear in the formation of pagm&dtfc minerals. Here very 
often it may be inferred that mother liquors rich in the rarer elements 
and the products rejected by the magma, generate on a large scale 
minerals which are quite subordinate within the mass of the rock- 
Extruded gases, under great pressure, also act under such conditions. 
In the internal cavities and druses of granites, doubtless, ail these 
factors operate. Under such circumstances ore generated the brryls 
and zircons which find their way into museum collections 
In keeping with the conditions attending vein mineral* Strutt 
found that such mineral* from the Cornish granite contained more 
helium, relatively to the radioactive elements present, than did the 
granite itself, although the vein mmt be younger than the rock con¬ 
taining it. The fact, also shown by Strutt, that beryls often contain 
a quite unaccountable quantity of helium, probably finds Its expla¬ 
nation in the original occlusion of this substance. 

Br5gger> m writing of the syenilic pegmatites of Norway, concludes 
that the minerals of the tliorite-orangito group, including unuio- 
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thorite* crystallized in the first phase of vein formation, “ that of 
tuagmatia consolidation with the cooperation of pneumatolytic proc¬ 
esses," and that in the second and principal phase of pneumatolytic 
activity galena crystallized out* 1 If the undifferendated magma 
has been fairly radioactive, may not the pegmatitic substances, 
representing a large part of the rejected elements of the magma, be 
rich in the products of radioactive decay? It would seem that we 
are reasonably entitled to expect this, Thera might oven he a cer¬ 
tain proportionality between the amounts of radioactive bodies and 
aegregated products of decay. 

The results of the experiments themselves alone can indicate how 
far sources of error of this kind have operated. The final rEitio— 
whether of helium or lead—to the parent radio-active substance h f 
we may suppose, compounded of two ratios , a segregation ratio 
which obtained from the first* and a generative ratio which kept on 
increasing throughout geological time* Consider the case of lead. 
Wo have no prims facie right to conclude that the originally segre¬ 
gated lead k p relatively to tho uranium* more for, but, Arcturon 
minerals than for Devonian. If, then, tho gross had ratio for the 
former is very much greater than for the latter* tho effect of (ho 
occluded lead must only exercise an insignificant influence in invali¬ 
dating the results regarding Arcbwtm time* To take a concrete 
example* The assumption that of the total lead found in Devonian 
minerals a quantity equal to 2 per cent of tho uranium present in 
each cose is not of radio active origin but was- originally introduced, 
amounts to saving that one-half the ratio (about) is dm? to original 
Segregation and one-half to radioactive genesis* The time value of 
the corresponding deduction from Devonian time (as derived from 
tho gross ratio) b about 160 million years- A quantitatively equal 
correction applied to the ratio observed in Archie an minerals will 
not be very important* as will presently ha seen. Unless* then, we 
have some reason to Infer that the conditions attending tho forma¬ 
tion of the minerals having the higher ratios were such as to lead to 
the inclusion of greater relative amounts of lead* the objection under 
this head b not o! serious weight, at least in tho case of the higher 
ages which have been arrived at. 

Acting either to increase or diminish the observed deduced age* 
errors under the head (i) may exist- The volatile escape of helium 
has been demonstrated by Strutt* Under past conditions of heat¬ 
ing and percolation, etc.* its escape is very probable. On the other 
hand* the accretion of radium h not impossible* for radium k known 
to migrate from its parent elements* and in considerable amounts. 
Lead k certainly at least equally liable to migration under suitable 
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conditions. These source of error would also tend to go on aug¬ 
menting with the lapse of time. Unless, however, it can he shown 
that a special sort of selective absorption for one or more of the 
elements likely to bring in error h exerdaed within the minerals 
dealt with, the error can he apprised at its true worLli by compara¬ 
tive observations upon associated substances which do not contain 
appreciable amounts of the parent radioactive bodies, and which 
have been exposed to like vicissitudes of Malory* 

The earliest determination of Age by the radioactive method is p so 
far os I am aware, that made by Rutherford. 1 The helium in a speci¬ 
men of fptgusonite was determined by Ramsay and Travers as 
amounting to 1*81 cubic centime tens per gram. The mineral con¬ 
tained about 7 per cent of uranium. From this Rutherford deduced 
the age os about 24D millions of years. The geological position of 
this mi neral is not specified, nor is the possible influence of thorium 
taken into consideration. 

The principal development of the method by helium ratio is due 
to Strutt, whose work upon the subject has appeared in five papers 
in tho Proceedings of the Royal Society (1 DOS-19 JO). These experi¬ 
ments deal with phosphatized fossil remains and nodules, hematite 
and other iron ores, zircons, and spherics. Some of these determina¬ 
tions are evidently not available ns an estimate of the time since ihelr t 
formation, being plainly deficient in helium. Such results of course 
strengthen the conviction that loss of helium must occur in soma 
cases. 

The results arrived at by Strutt are not always concordant* Thus 
wo find two spheres of Arcbiran age and from the one locality (Ren¬ 
frew County) affording 222 and T15 millions of years; and again two 
Archaean aphenes from the one locality (Twcderstrand, Norway) 213 
and 449 millions of years. Zircons show for Paleozoic time 140.8 to 
321 millions of years. Her® the lower figures are supported by 
results on hematite. This one mineral gives for the time since tho 
Eocene age 30 .$ } since the Carboniferous 141 p and since the Devonian 
145 millions of yeans. Limoni to gives for post-Carboniferoufl time 
145 million years. These are closely agreeing results. Other iron 
ores give, however, inconsistent results. All arc, of course, recon¬ 
cilable if wa assume that the lower results arc in every case duo to 
lo&s of helium. It is a little unfortunate in this connection that the 
minerals used for the greater a^le are more retentive is their nature 
(sphene and rin^n) than tho substances dealt with for determination 
of the lesser periods of time* 

Strutt, in bis final paper, selects from his results the following as 
summarizing the dale of his earlier papers: 
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Ymn, 

Spberwndcritfl from Rhm* Fravmi:^—-OliEiweni....*.... t .. fi.-lXlSF 
ITsrmatite., County Anom^Eac&nc 31 Xt& 

Hematite, Forest of Dealt—CarboaUefouj Liin^tone _ 150 XlO 11 

5 phone. Renfrew Ceuniy, Ontario— Archieon.?J0 xlCF 


These are advanced as minimum values, the loss of helium being 
Impossible to estimate. 

Bolt wood first investigated the ago bv the accumulation of load. 1 
Very high figures wore obtained, ranging from 246 to 1,320 mil]tons 
of yours. Becker criticizes these results,* pointing out that certain 
radioactive minerals of well-determined ago (Llano Group, not far 
below the Cambrian) afford on the some principles ages which are 
quite incredible, ranging from 1,671 toll ,470 millions of yours. Bolt- 
wood questions thn suitability of the minerals on the score of incipient 
or advanced alteration. Backer in reply urges that there is no evi¬ 
dence to show that alteration can affect the ratios. Becker considers, 
further, that BrSggeris views, os cited above, show that lead may bp 
occluded as an impurity in such minerals, and that the amount of this 
impurity will vary from crystal to crystal, in accord with the results 
of the observations. 

The subject of the lead ratio has been lately token up by A. Holmes.* 
Holmes selects minerals from tho intrusive ncphelene syenite of the 
Christiania district, supposed by Brogger to bo of Middle or Lower 
Devonian age; most probably tho hitter. Seventeen minerals are 
investigated, among which are thorite, biotite, zircon, ffgurinc, nophe- 
line, feldspar, etc. Tho ratio of load to uranium ranges from 0.0-11 to 
0.500. There is found to bo an increase in the value of tho ratio with 
diminution in tho amount of uranium; a result suggesting the pres¬ 
ence of original lead. Holmes, accordingly, rejects about half the 
results (those which give the higher ratios) and finds a mean among 
eight results which range from 0.043 to 0.050. The mean of those 
gives for post-Lower Devonian lime 370 million years. It must be 
admitted that this result is not entirely satisfactory; it contains an 
element of arbitrary choice, and although it is possibly truo that tho 
minerals with least uranium contain too much original load to be 
reliable, wo aro by no means sure that even larger amounts of origi' 
no! lead did not enter into the constitution of tho others. Tho agree¬ 
ment among the ratios renders this improbable, however. 

Holmes enters into the question of the geological positions of the 
results cited by Boltwoed, and concludes that they may be tabulated 
as follows. Elis own mean result is included in tho table. 
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Tho Swedish minerals are from pegmatites of an aga younger than 
JatuJian. Tho results obtained from them show, among 17 specimens 
examined, two well-marked groups, baring tho ratios tabulated. 
There is nothing in the rocks to indicate any difference in age. Of the 
United States minerals, those having tho lesser ratio are from granites 
intruded into tho Llano Group (Texas) of metamorphosed sediments. 
Their ago is, therefore, younger than the sediments, which or© early 
Algonkimu Those with the higher ratio are from Burnet County, 
Tex-j and Douglas County, Colo, The geological evidence is similar to 
that of Llano County. 

Tho evidence for the pro-Cambrian ago of the Ceylon thorianilo 
Is tho resemblance of the rocks to the fundamental complex of India. 
Tho tabulated values are tho means of several results cited by Bolt- 
wood, some of which are in closer mutual agreement than others. 

Those results greatly transcend Strutt's in the antiquity they assign 
to Pabeoaoie and pro-Cambrian time. This fact can be explained by 
the escape of helium. Tho possibility of occluded lead entering se¬ 
riously into such determinations will, doubtless, form tho subject of 
future research. Meanwhile it seems improbable that tho higher 
average ratios of tho oldest minerals can find explanation in this 
manner, t have already dwelt sufficiently, in view of our very 
deficient knowledge, on these points. 

Tho discordance between tho radioactive indications of time and 
those derived from the stratigrapliical column appears clearly when 
wo plot ono against tho other (fig. I}. The assumption made In plot¬ 
ting the sedimentary thicknesses is that these, inter bp, are roughly 
comparable as regards tho rate of accumulation. As 1 have already 
pointed out, this seems probable save in tho case of tho earlier pre- 
Cambrian sediments, which wo might expect would have been accu¬ 
mulated mere locally. The thicknesses of tho several strata I have laid 
out according to the data collected by Soli as. The radioactive times 
are plotted above the points on the base line to which their geological 
positions assign them. Wo have from tho lead ratios two early- 
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Algonkiun results and two posfc-Jatulian results. The Archlean rx>- 
g?ults by helium ind lend ran not bo located on the base lino sav& by 




the indication* of 
ihe other results. 

If there was 
accord between 
the stratigraphy 
icul column and 
the radioactive 
data, the latter 
should be runted 
oil straight lines 
which necessarily 
pass through the 
origin (present 
time). We find 
them T however, 
ranged upon 
curves. I have 
plotted a rather 
exSesdvo value of 
the age of tli 
ocean as deter¬ 
mined by solvent 
denudation, erect¬ 
ing for this pur¬ 
pose an ordinate 
of IMpOOOjOOO of 
years at the begin¬ 
ning of Algonkian 
time. Joining the 
summit of tins or¬ 
dinate to the ori¬ 
gin wc see that 
the curves for 
helium and lead 
flow Into tikis line 
in recent periods. 

If now we as¬ 
sume that the 
time indications 
of the lead ratios 
are correct, we are 

presented with the following alternatives as regards the amendment 
of the sedimentary column. 
m 34*—*U tail-19 
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We assume lit at the str&tigr&phic&l column for pus t-Ca rboniferous 
time is in actuality much as wo have plotted it, and draw a right lino 
from the origin through the three results for the age of Carboniferous, 
Devonian, and Silurian-Orrlovicinn periods its derived from the loaf! 
ratio- Tide is equivalent to assuming that the error in the strati- 
graphical record b to be sought mainly in the pre-Cambrian records. 
We therefore plot the early A Igonkin n and post-Jaluliun results on 
this line. We have now to make the following amendment on the 
recorded thicknesses of the pre-Cambrian sediments. Algonkian 
sediments rise from 82,000 feet to 381,000 anti 441,000 feet (A, or A, 
on the diagram), according to wliicli of the two early AJgonkian 
results we select. Keweenawan sediments rise from 50,000 feet to 
245,000 or 350,000 Tect (K, or Kj), according as w® select among th® 
two J&tulictn results. 

While it is true that important unconformities exist in the pre- 
Cambrian succession, the sedimentation equivalents of which are not 
found as yet, it seem* incredible that amounts of sediments consider¬ 
ably greater than the entire thickness of |tost-Algonkinn rocks and 
from 00 to 70 miles in cumulative depth can Imre escaped investiga¬ 
tion. There is another point. The calculation winch equates lho 
amount of sodium in the ocean with the estimated bulk of the detritul 
sediments, knowing the loss by solution attending the derivation of 
these from the avenge igneous rock, has, ns we have seen, been found 
to give results in fair agreement with the measurements of all the 
quantities involved. The radioactive results must now postulate tin 
amount of pre-Cambrian denudation much greater than would have 
attended the formation of the whole amount of sediment previously 
estimated. Tills point is really quite apart from the question of the 
age of the ocean. It is purely one of loss and gain, of balance of 
accounts. Nor can evasion of the difficulty be found by ascribing 
exceptionally local restrictions to pre-Cambrian denudation. It is 
probable that none was more world-wide in Its effects. 

If these conclusions appear untenable, we may deal with the results 
in another way. The ages found from the higher lead ratios may b® 
placed at a reasonable distance from the base of the Cambrian and 
joined by a right line to the origin. To bring them on to the Hue so 
determined, the results for th® Carboniferous, Devonian, and Silurian- 
Ordovician must be shifted to th® left. This procedure is equivalent 
to assuming that while the total thickness ascribed to the strati- 
graphical column is approximately correct, the proportionate thick¬ 
nesses assigned to pro-Carboru/erous and post-Carboniferous strata 
ar® erroneous; too much has been assigned to the latter. The read¬ 
justment of the strata involves diminishing the post-Carboniferous 
deposits about 50 per cent and increasing the pre-Carboniferoua by 
nearly 40 par cent. 
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The assumptions involved in making these adjustments Eire inher¬ 
ently Improbable, and it might he thought, easier to assume that the 
time values of tho post-Carboniiernus strata were, as compared with 
the earlier strata, less. Tins emendation requires tis to assume that 
the more recent materials were had down about three times as fast as 
the earlier, 

Tlicso arc the alternative modes of adjustment of radioactive time 
to the stratigraphical column, leaving tile latter on the whole intact. 
If wo assume that the recent sediments have been overestimated in 
tlikfcness, we can, by discarding about one-half the recorded thick¬ 
nesses since (■arboniferoiia time, produce an effect on the diagram 
equivalent to moving the origin to the right. With this particular 
numerical assumption the lead line will beoame steeper than it appears 
nd the charts and the early Algonkian point will remain at such a 
distance to the right of tha Cambrian as will ascribe to the pre- 
Cambrian sediments a thickness equal to that of the whole post- 
Aigonkian accumulation. 

The important question is* of course, as to how far such assumptions 
are permissible consistent wilh any degree of probability- Them k 
ranch that is uncertain about data respecting rock thickness, not only 
as regards the actual field observations, but as to the seal significance 
of What k obtervecL Again, the relative time equivalents of deposited 
locks are not really known to us. Whether it is a detrilal sediment 
forming in an estuary or 11 coral-reef building in dear water, the rate 
of growth must depend to some extent- on the downward movement 
of the Bca bottom, cither induced by the load or taking place from 
father causes. Some sediments are, however, plainly of rapid and 
some of alow growth. Amidst such considerations we find no very 
definite grounds for numerical computation. So far as crustal yield¬ 
ing affects thfc question, the probable inference is, as I have stated 
above, that the earlier strata were in their greatest development 
more localised, and hence their time value should be less than the 
mom recent. An regards the vertical distribution of ddiiutely fast 
or slow collecting materials, a careful comparison of the materials 
throughout the geologic column in required in order to gather any 
evidence that may lie forthcoming from these indications. At 
present, however, them seems nothing to support the different time 
values or amended thicknesses which must be assumed if we am to 
adjust the radioactive results in any way to the sedimentary record. 

What will prima facie appear most difficult to credit in the fore¬ 
going assumptions is the extremely alow rate which must be ascribed 
to the accumulation of the sediments even at their maximum. If 
the recorded depths of sediment have taken 1,400,000,000 years to 
collect, the average rate has been no more than i foot in 4,000 years! 
This seems iuc red i bio; and if wo do u bio the depth of maximum sedi- 
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mentation it still remains incredible. But, if possibly sttH more 
iiK'ratUhk is i 1 1-- conclusion respecting solvent denudation to which 
radioactive time driven us. If the sodium In the ocean, hm taken 
f f t OO t O(K^OOO ifuirts to accumulate, (A e river# arc nou 1 hicfing to the nra 
iibmd foitrU til times the twcrtigc percmlaye of the jmst—not leee thin 
jdiu time*, ft seems quite impossible to find any explanation of such 
ua increase* 

With these dillkultics in view k is ext usable to direct nttenlirui Co 
the, (uuniiatioDS of the radioactive method and otik how far they are 
secure. The fundamental assumption is that the parent radioactive 
guhaiiiiice, uranium, has idwaya in the past disintegrated at the 
present rate. Is this assured! I am not now suggesting that the 
rate of change lias been el Tec ted by external physical conditions, such 
as heat or pressure, but I assume that there may have been a different,, 
and from the evidence tis well us from probability, u greater rate of 
decay in tins past, arising intrinsically, anti u turn ate I y due poc-sibly 
bp conditions of origin* 

E venture to suggest—I do so with diffidence—that our assumption 
of it constant rale of change for the parent. auhsEauce#—uranium, or 
thorium is really without any very strong basis. It rests upon 
analogy with the behavior of the substances which have been derived 
from them. But there may be a very profound distinction. The 
hitter are of radioactive origin. That particular distribution of 
stability or of intrinsic energy among the atoms of these bodies 
obtaining at the moment of their formation, upon which the subse¬ 
quent constant change rate depends/ may be conditioned by the 
evenla of radioactive transformation, or by their past history, by 
both* In a word, a nulkmntive origin may be essential, 

Xnw we know' nothing us to the origin of the primary radioactive 
elements. No sutaLances of greater atomic weight are known from 
which they may be derived.. Nor is it unphilosophic to assume that 
they have hafl soma other mode of origin; seeing that the radioactive 
accent must terminate somewhere* Uranium can not bo regarded, 
therefore, as in all senses one of a series anymore than we should regard 
lead aft such. 

The matter seems to turn upon the legitimacy of the assumption 
that the mere existence of radioactive change progressing in ihe sub¬ 
stance involves buck a particular distribution of instability among 
its atoms as will insure that a constant fraction of these disintegrate 
i [ich unit of time from their first origination—however this was 
brought about—till all are transformed. If such an hype thesis is not 
sufficiently secure to overbear the opposing evidences wo must agree 
to judge the former by the latter. In this case the accumulation of 
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transformation products iji ininerok,, in place of being a measure of 
geologic time, senos to shed light upon the rate of fcnmsfbrmntion 
ol the primary radioactive bodies in the past. Apart from its interest 
in other respects, the importance of such u conclusion to geologic 
science would be great. If we supposed the cum, found by plotting 
the time results derived from lead ratios against the sedimentary 
thicknesses, represented an approximation to the facts> the rate of 
change of uranium 150,000,000 years ago may have been ngany times 
what it now is + The radiothermal effects of the whole must 

have been proportionately increased* and the convergence of the 
radioactivity must have hail an influence upon the secular cooling of 
the earth. 

July US, 191L 



INTERNATIONAL MR MAP AND AERONAUTICAL MARKS . * 1 


By Ch. I_.ii.lku Attn," 

Pr*Midmi af iht Frmth At want fan fvr tht Axhatuaemfni of Sritf a* *, 


ir PRELIMTNAHY ACCOUNT. 

The dirigible air IulI]> son, and more especially the aeroplane, which 
are scarcely out of the period of research and experiment, will soon 
setter into the area of practical politics. To-day, still mere iuairu~ 
merits of sport or of military reconnaissimees^ they will become, 
to-morrow, valuable means of transport. It h time that aviatom 
were given means for finding their way, similar to those which, for 
a long time, have existed lor navigation and travel. 

Whether on sea, loud, or in the air, the pilot has always before 
Irini the same triple prohtem to he solved. lie must from time to 
time— 

1. Recognize his position. 

2, Determine the direction of the point to be reached, 

3* Rapidly estimate the distance remaining to be covered. 

For terrestrial locomotion, the solving of these various problem* 
was greatly simplified by producing special maps for the use of trav¬ 
elers and by erecting along the principal mutes easily visible signs. 
Fuel i milestones, plates indicating the name* and distance* . f more 
or less remote tow ns, signposts at road junctions, etc + r But t he mark¬ 
ing or buoying of routes presupposes a course fixed in direction 
and limited in extent. Admirably suited for travel by land, this 
system is still, to a certain extent, applicable to coasting trade, that 
i% for sea voyages dong coasts or in estuaries. But, on the other 
hand, for travel on the high sea this method is unsuitable, and for 
aerial navigation ipuite si-seie^ in, foggy weather or at night. In the 
latter case it is necessary to use a compass r In spite of fog, darkness, 
or the absence of marks, the use of the compass enable* the pilot lo 
follow the desired direction, which direction boa been previously 

1 Bitot AssdnsOWp Pgrttmoulli, September, ISU. ncjimja*! by pcrffiaifcai fn>T^ Tb* Qwntiphkol 
Journal, Loadon^ voL S-i,. So. 5 , Nov ujabcf, iJi L 
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I'lnaUEtLL«t da ILLu-m.iidea LdtiflEEUks. 
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marked off on the map, and, in the case of aerial travel, determined 
by .el prominent object on the horizon, such a clock lower* on 
isolated tree, etc. Knowing Ids speed, the pilot may, at any subse¬ 
quent time, roughly estimate the distance already run and approxi¬ 
mately deduce hk proper position. 

Tills position will, of course, l>e very frequently rectified, according 
to the indications of the map compared with the features of lho terrain. 
The aviator will endeavor to recognize characteristic points, such as 
a high building, for instance, or the crossing of a canal with a railway 
line, or the junction of two river*, etc. Now, the compass will not 
always suffice. Unknown to the pilot, a water current may causa 
the ship to drift; similarly, an unseasonable change of wind may 
pull the dirigible or aeroplane out of its course., when traveling in 
log or above tho clouds. Both the seaman and the aerial pilot, when 
opportunity occurs, by the lifting of the fog or daylight reappearing, 
must rwugnizo their position and, if necessary, rectify their route. 

For tins the seaman must make use oF tho sun or stars and deduce 
from their observation the geographical coordinates, that is, the lon¬ 
gitude and latitude of Ids position. Owing to the rather precarious 
conditions of the arrangements on boa id it would be pretty difficult 
for airmen to use this method. Fortunately for them traveling over 
sea Is rather an exception. They would bo saved any reckoning by 
placing all over the country, at convenient intervals, cter&naitiiea! 
marls, that b, by writing, on tho ground itself cron the roofs of build- 
Inga (by means of conventional signs or very conspicuous numerals) 
the longitude and latitude of the corresponding Rite, Having read 
the-a, the pilot with the help of a map, would be enabled to rm>g- 
IM 1 hi* proper position and to reckon the distance of hk d<vr in at ion, 
aa well as its new orientation, that Is, tho inclination, to the meridian, 
of the new direction to bo followed. 

Notwithstanding every artifice, hewevtr, this method h still long 
and difficult enough, and would only be useful were it possible to 
exactly follow the are of a great circle cutting the pilot’s destination 
which, as a matter of fact, is rendered impossible by side winds nnd 
terrestrial obstacles. Airmen, like most seamen, will prefer to mark 
off the point on a map. or more simply to trace it on a simplified 
sketch, such ua the index diagram (fig. 1, showing the fitting together 
nf the sheets of the detailed map), upon which can bn read the 
approximation of both required elements—distance and orientation. 

For instance, an aviator flying over Bourge* {tho town marked by 
a black point at the bottom of sheet 72 of tho index diagram) toward 
Fati (black dot in the lower half of sheet 39) would at once see that 
the distance remaining to be covered is nearly equal to 4.25° of 
latitude measured on the diagram. Each degree being 67 miles long, 
tho required distance would be roughly 2S5 miles. Moreover* the 
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directum to be followed L 26° to 27® W, «f the? Bieridiun to the suiiih s 
say ? magnetic S. 40° W 9 (the magnetic declination at Bourges being 
13.5° Wl)* The compass should therefore shovr the complement, 
say, N. 140° W. 

If necessary, this diagram could even suffice for traveling. A 
Straight line having boon drawn joining starting point nod dcstina¬ 
tion , the pilot can see that Ids way will run successively right across 
the upper left angle of sheet 02, then cross the lower half of sheet 61, 
thereafter (rut the Upper edge of sheet 51 about the center, pass 
through the right-hand comer of the lower half of sheet &0, cut diago¬ 
nally across sheet 40 ( graze the upper left comer of sheet 30, and 
finally end about the middle of the lower half »?f sheet 39. 

Let us suppose that at any moment the pilot observes on the ground 
below a mark similar to that of figure 2, with the two figures 5 and 0 
on either aide, respectively, and with a large dot occupying the proper 
position of the town of AngouJAmo in the upper part of sheet 50 of 
the index map. He would at once conclude that ho had deviated 
to the right of his route, and after a rough estimation he would incline 
25° to 30° to the left- But, in every ca&e, u detailed map would he 
necessary for landing* 

Having examined many systems, the permanent committee for 
aerial navigation of the public works department of the French Gov¬ 
ernment recently proposed for thk map and for aeronautical signs 
the following solutions that seem to bo the simplest ones and also 
the most likely to be adopted by other countries: 

2. AIR MAP, 

In order to attain the required object and to keep to the necessary 
clearness, an air map must show only the details required by airmen, 
either for finding their way or for landing. 

To the first category belong lho characteristic geographical features 
of the terrain, such as railways, main roads, ehmmebs streams and 
rivers, lakes, forests, bushes, dumps of isolated trees, large areas of it 
similar cultivation, largo boroughs with their outline and principal 
streets, chimneys of factories, clock towers, high towers, and, briefly, 
aU objects liable to attract tha attention of the pilot from a distance, 
either by means of their shape, dimensions, color, or situation. 

To the second category belong turf pits, thick hedges, irrigation or 
drainage canals, electrical power lines traversing fields, imd generally 
all objects liable to impede landing; and, in addition, gasometer, 
aerodromes and she da where, if necessary, refuge or help could bo 
obtained* 

In the opinion of all competent authorities, the scale of 1 to 
200,000 seems to be the most convenient one. On a smaller scale 
the map would ba less dear; on a larger scale unwieldy without 
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appreciable advantage, Tn man y countries maps on this scalp 
already exists but having been produced with special objects, cither 
economical or strategical they only Imperfectly satisfy the wants 
of airmen. A new special map is therefore necessary. A provisional 
model, submitted by the Aero Club of France, showing specially the 
typical buildings by their profile in black;, was adopted by the com¬ 
mittee. 

At my suggestUm it was decided that the new map should be a 
subdivision of the International Map of the World, on a scale of I 
to IfOOOjOOO, 1 for the production of which, on the happy initiative 
of England, a common agreement was recently arrived at between 
the principal States nf the civilized world. 

The "world map' 1 would furnish index diagrams for the fitting 
together of the sheets of the "air map/* It would also be useful 
for drawing up schemes for long journeys, or for measuring the dis¬ 
tance between two widely separated point* anti obtaining the orienta¬ 
tion of the line adjoining them. 

The "world map + ' is to be designed with the meter ns unit of 
lengths, and the meridian of Greenwich as origin of the longitudes. 
The sheets are limited by meridians drawn out at successive intervals 
of G° f extending from Greenwich, and by parallels traced out at suc¬ 
cessive intervals of 4% reckoning from the Equator. 

The meridian sectors, from longitude ISO 9 east or west of Greenwich, 
are given numbers from I to GO, increasing in an easterly direct ion. 
The zones, extending from the Equator on each side to 58° latitude, 
are given letters from A to V preceded by the words "north or goutk/’ 
The polar areas are lettered Z r Each sheet shall bear the name nf 
the locality or most important geographical feature on the territory 
represented, and in addition the number of the sector and the letter 
of the zone crossing each other on the sheet in question. For example, 
the sheet of Paris will be named “North M r 3L ,f 

For each sheet the corresponding part of the terrestrial ellipsoid 
is represented by a modified poly conic projection constructed on its 
central meridian. The meridians are straight lines and the parallels 
urea of circles the centers of which lie on the prolongation of the cen¬ 
tral meridian, so that the radius of each one is equal to the generatrix 
of the cone tangent to the ellipsoid along the corresponding parallel. 
The alterations of angles, distances, and areas are practically smalt 
enough to be neglected* 

On the other hand, the sheets of the air map will be limited by 
meridians and parallels at successive intervals of 1*, reckoned from 
the same origins as for the world map. Each sheet should cover an 
urou of 1 9 of longitude and 1° of latitude* Twenty-four sheets of this 
map will therefore cover the same area as the corresponding sheet ol 
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t ho world map on the scale of U 1,000,050. -Vs the scale Is five times 
aalaigt.'oadi of these sheets w ill be of approximately the same dimen¬ 
sions is the corresponding sliect of tbo 11 1,000,000 map. 

It is necessary, however, to introduce a more simple method of 
notation. It is customary to distinguish between longitudes oust 
anil west of lho initial meridian anti between latitudes north unit 
south of the Equator, The nomenclature of the latitude and longi¬ 
tude therefore changes as one passes across cither of these hues of 
origin. In other words, degrees of longitude increase to the right 
cr left from the initial meridian and degrees of latitude increase both 
north and south from the Equator, This notation is apt to cause 
trouble. 

In order to overcome this disadvantage, the committee at my sug¬ 
gestion has decided to n umb er the longitudes from 0° to 360° in an 
easterly direction, commencing from longitude ISO 6 cast or west 
of Greenwich, and to substitudo for latitudes polar distances meas¬ 
ured from the South Pole and reading from 0° to ISO*. This is done 
in order that in the Northern Hemisphere, in which arc situated most 
of the inhabited countries, she number may increase as usual from the 
Equator northward. Moreover, in the. Northern Hemisphere the 
units of degrees would be the same for a south polar distance as for 
the corresponding latitude. The units of the longitude thus adopted 
will be the same, between 180 s And 860°, as they are now for longi¬ 
tudes east of Greenwich. The tens of degrees, in the case of south 
polar distances, will be increased by D units, and in the cn^ t of longi¬ 
tudes east of Greenwich by IS units. 

In the Southern Hemisphere the polar distances will he the com¬ 
plements of the corresponding latitudes, and in tho hemisphere 
extending from 0“ to f80 e of longitude the new longitudes of places 
will be the supplements of the present longitudes west of Greenwich. 
In addition to the usual notations, these new ones should be printed 
on the world map and on the index diagram, figure l. 

Each sheet of the air map will bear the name oT the most important 
l ocalit y on the urea covered by it and shall Ih* numbered by the 
coordinates of ifs southwestern comer. This number allows the 
number «f degrees of longitude and south polar distances in the 
coordinates of any point in the sheet, and in order to obtain the com¬ 
plete coordinates of any given point it will be sufficient to mid to these 
figures the tenths of degrees or minutes obtained from the marginal 
dealest. 

The air map will be cousinicted on the same modified polyconic 
projection as that used for the world map. Each sheet shall be 5fl 
centimeters?, or 22 inches, high and from 41 centimeters to 34 centi¬ 
meters broad Cm France). The corresponding breadth near London 
would be 12 inches. Each sheet in France would therefore cover an 
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area of 1 11 kilome&ers, or 07 miles, north and south and from 82 to GS 
kibmoli.rg (61 to 41 miles) oast and west. 

In this system i I k- distortiou + which increases ux the square of 
the distance from the central meridian, won] J be 36 times as small 
in the air map as in the world map, since u sheet of the air map cover* 
only 1° of longitude instead of 6°; As, however, the scale of the air 
map is five times lls large* the errors from this source are reduced to 
ono-seventh of those in the world map. 

I Ei order to facilitate handling, each sheet should bo cut in half, 
the cutting lines running east ami west, each half measuring some 2S 
by centimeters (tl hv 15 inches)* The two half sheets should bo 
pasted on either side of a piece of cardboard, and should have the 
name and number of the sheet shown in a conspicuous maimer. 

Tins Aero Chib of France have pnparad, this year* three trial 
wheels of lids map. covering the area to be used in the next military 
maneuvers* with u view 1 to obtaining the remarks of the aviator 
officers previous Lo publkhitig a final edition. 

3. AERONAUTICAL MARKS. 

As has been previously mentioned, each mark shall show it in 
approximate long nude and polar distance of the point over which 
the aviator is flying. The sign adopted by the committee consists 
of half a rectangle (%. 2) reproducing, on a siiURdenUy large scale, 
the frame of ilia half sheet of the air ump iu which the mark lies. 
Thn aides of this frame appear as broad lines* except the aide where 
the cut k, which is shown by a fine dotted line; thus it Is easy to 
dktioguiah between the upper and lower bahw of a sheet* In this 
frame a largo black dot will indicate the correct potttion* on the sheet * 
of the mark of the ground. 

The half rectangle is correctly oriented* the small sides* parallel 
to the meridians, being due north and south. 

Two large figures, reading toward the north, will be marked on 
cither side of thus rectangle the left one giving the number of the 
unit* of degree# of the polar distance, and the right one the number 
of the Units of degrees of tins longitude. 

The combination of the&s tw“o figure#, forming a number easy to 
read and remember* will be sufficient to define the number of the 
corresponding sheet of the map, and to give the rough coordinates 
of tlie mark itnelf.. In every case where confusion might exist, each 
of the figure# should bo underlined. 

Owing to the absence of the digits showing the hundreds and tens 
of degrees of longitude and polar distance, any lwo marks which are 
10° or a multiple of 10® apart will have the same number. The 
dbadvantage of this would not be of great importance. For an 
airman to confuse two such marks would mean that he would make 
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pji error of 10° of either longitude or latitude. In latitudes h&twaen 
-i0° and 50° this error would amount to 1,1 HO kilometers (700 miles) 
of latitude, or from 700-300 kilometers (400-500 miM of longitude, 

la mi area covering the whole of France, only the extreme points 
of Brittany and tlio Vosges will have marks showing the same num¬ 
bers. Consider, for instance, the marks numbered 30 in the environs 
of pan. The same number as this, on land, would not occur again 
nearer than points in Algeria, England, Belgrade, or Hamburg, and 
would not appear at all i n Spain or Italy, To mist like such d issimilsr 
eountries would he practically impossible. . 

To determine the correct coordinates of a mark, an aviator would 
only have to add to tho number shown the hundreds and tens of 
degrees of polar distance and longitude. Tho remainder, with an 
error of perhaps a tenth of a degree (or a few minutes), could bo esti¬ 
mated by examining tho position of th« dot, with reference to the 
aides of the mark. The position of the mark could thus bo estimated 
with mi error of lass than 10 kilometers (6 miles) in cither direction. 

4. CONCLUSION. * 

Tho inkialive thus taken by Franco in producing an air map and 
establishing aeronautical marks will very probably be followed by 
other countries- In such a case it would bo necessary to have an 
international agreement to give definitely the conventional signs of 
the air map and other details. 

In May last the cartographical committee of the International 
Aeronautical Federal ion, which met in Brussels to consider such 
questions, adopted In principle the meridian of Greenwich as the 
origin of tho longitudes, a scale of 1:200,000 for the air map, and for 
tho limits of the sheets, meridians and parallels one degree apart, 
starting from Greenwich and the Equator, and decided that electrical 
power lines, which are so dangerous for airships and aeroplanes 
when lauding, should be shown on tbs map. 

As regards tho aeronautical marks, this committee did not venture 
to select any one system out of the numerous ones that ware pro¬ 
posed, and only suggested that the names of tho respective localities 
should bo marked, in largo let tom, on roofs, especially on those of 
railway stations. As many stations, however, would thus show the 
same name, lids would bo a source of error and confusion; in addition 
io this, the aviator would have to consult a dictionary of names of 
boroughs, in order to find the number of the sheet of the air map which 
ho requires. A system of marks showing tho cutting lines of tho 
sheet epneemed, together with on abbreviated dist inguishing number, 
seems to bo much more precise, significant, and certain. It is there¬ 
fore to be hoped that sooner .or later this system will be universally 
adopted. 


GEOLOGIC WORK OF ANTS TN TROPICAL AMERICA," 

iwiui i picitfl,] 


By J. a Bhas.mfr, 


introductory. 

In l&Ol) I published ft short paper on the gorjlogic work nf ants in the 
Tropics, 3 Si n re I hen a good mu my additional observaf ions, mtm r and 
photographs have Wen made, and (ho most Important of them are 
hero brought together in a single article. 

There are many brief not as. on the work of ants scattered through 
tho writings; of travelers in tropical countries, hut these notes arc for 
the most part repetitions of rather vague and sensational stories 
which make no claim to accuracy of statement, so that they wotild add 
little or nothing to tho value of the article. No attempt has there¬ 
fore been made to use such note* except in so far as they seem to 
afford now or important corroborative evidence. At the samo lime 
it is realized that some of tho tilings that ants do in tropical countries 
are so remarkable that those who havo no personal experience of 
them may be pardoned for regarding the stories told about them with a 
certtdn amount of suspicion. For this reason 1 have confined myself 
to my own observations and to some of our most trust worthy scientific 
writer, such as Bates, Belt, and Spruce, who am naturalists io be 
taken seriously. 

The best anyone can do who bos not seen the work of ants in trop¬ 
ical countries L* to turn to what can bo seen in temperate regions. 
But the work done by ants in temperate zones k t with a few excep¬ 
tion^ of no geologic importance at all as compared with that done 
by them in some parts of the Tropics* 

The work of the ants, in so far as it is of geologic importance* con¬ 
sists chiefly of their nests, habitations., refuse heaps, or mounds, above 
ground and their burrows* tunnels, passageway** and other excava¬ 
tions beneath the surface* and tho opening up of the sod and the 
subjacent recks to the various atmospheric influences. 

* Safar * Usfl 0w6m^ma Swt^ia af it* CeakjfdL'al Society or AiBerte* im W^aacripl 
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In the United States we have very little evidence of ants making 
either underground, passageways or mounds of sufficient size or 
extent to have attracted much attention. Indeed, it seems to be 
generally conceded by entomologists that Use ants of the northern 
part of North America are not ils enterprising as those far! tier south, 
craven as those of Europe- Forel seams to liavo found the structures 
of our North American anis so insignificant, that ho avoided speaking 
of them as haiing mounds at all. Certainly the little ant hills we 
have Been in most parts of the United States are too insignificant to 
attract the attention of geologists. In the South and Southwest 
they are somewhat mom conspicuous, and in the sc mi avid portions of 
western Texas and ill Arizona, New Mexico, and parts of California 
they havo attracted not a little attention. 

The western halves of Oklahoma, Kansas, and Nebraska and the 
eastern portion nf Colorado are inhabited by mound-building prairie 
ants that are sufficiently abundant and sufficiently pugnacious to 
have attracted the attention of farmers and untomologLats, if not 
geologists, * 1 

In the Western States generally ants am more abundant than they 
ore in the East, hut a writer on the ant hills of southwest am Wisconsin 
says that in that part of tho country he knows at least a hundred 
so-called ant hills w it hin ft radius of 5 miles, and he appears to regard 
this number as quite striking. Their mounds, he says, are as much 
m 75 centimeters in diameter and 40 centimeters in height* 1 These 
cases are mentioned simply for the purpose of contrasting the size 
and number of ant hills in a region that seems to be regarded as 
pretty (hickly inhabited with some of the typical localities in the 
tropical portions of South America, 

Furthermore, in tho tropical parts of America ants are not the 
simple ami easily ignored insects with wliich we are acquainted in the 
tempo rate zones of the earth- Save in the citlflBj they are almost 
omnipresent. To the housekeeper they are not only nover^lceping 
pests, but they are bold and defiant robbers of sneak thieves, as cir¬ 
cumstances require or permit. To the planters they are veritable 
plagues; they destroy the growing crops as completely ns if they bad 
been burned over. They do not wipe out a field of grain in a few 
hours as completely as do tho locust swarms nf Argentina, and then 
disappear, but they stay with their work right alongside of the crops, 
and with time they destroy them no less certainly* Unlike the 
locusts, they do not come and depart, but they stay right in one cir¬ 
cumscribed area all their lives, Farittha do mandbea, tho meal pre¬ 
pared from tho cassava plant, or grab of any kind and of a size small 

i T. J_ Ilciblb* ijad CI«rs* A. Dmai Tfci*BHBMtMbt ]wniritant Cnmva)* 
Boa LSI, Kmlku. Exfiwdmmt SmtSoaa, ManJiH-ttwi, l*», 
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enough for them to carry, require l«> be guarded with const ant care, 
I have known entire bagfuls of farinha do mandioca to bo carried 
away by thorn. In short, the inhabitants have to be constantly on 
their guard against the amts, both indoors and out of doors, to say 
nothing of the more inconvenience of their presence, Xor c&n their 
importance be regarded m whimsical in any sense; indeed, I am 
convinced that they arc social, and oven national, factors that are 
not to bo ignored- 

Nothing in the way of a biologic or systematic study of tropical ants 
is attempted in the present paper* However valuable such a study 
might be., is h the number of individuals, rather than the number of 
specie^ that concerns the geologists, though it Is recognised, of course, 
r hat some species are much more active agents than others. Wo need 
concern mi reives with only two large orders—the true ants belonging 
to the BifmcnopUm 1 and the termites, or so-called white ante, neurop* 
leroid Insects which belong I o the fcopfera, ami a re known all over Brazil 
by the popular Indian name of "oupun.” And nothing is attempted 
in the way of a study of the architecture of their nee la and under¬ 
ground passage, sa ve in so far as such riel ails will give a better idea 
of the geologic hearing of these matters. 

In studying the work of ante in the Tropics one is constantly 
reminded of Jlr, Darwin's studies of the work of earthworms, Mr. 
Darwin was able to give the quantitative results of his studies; in 
■.he case of the ants, unfortunately* quantitative results have not been 
possible, Tire time occupied by them in doing a given amount of 
work varies so much that quantitative observations, in order to have 
any value, would have to be earned on upon many colonies and for a 
long period of time. The results given at page 316 are an attempt at 
quantitative determination, but it will he observed that it is not 
known how many individuals took part in the work or how long they 
were at it. 

To illustrate tins article especial pains have been taken to get as 
many photographs and sketches as possible of the above-ground 
structures of ants and termites, and (he accompanying illustration^ 
have been carefully 7 made from phoLographs, most of them taken in 
Brazil. It seemed better to have the drawings made rather than to 
use the original photographs, in spite of the evident suspicion of 
exaggeration or alteration, whether intentional or accidental, to 
which all drawings are open. This redrawing was tho more neee&sary 
because the photographs were taken hastily and under many unfa vor¬ 
able circumstances, and they are therefore often not good, or they are 
not available for reproduction sa photographs* Abundant illustra¬ 
tions arc given because it is felt that they arc ihe most trustworthy 
witnesses one can put m evidence regariling the subject. 

3S734 *—m I9H-20 
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THE TRUE ANTS. 


ADUNDAN CE. 


Although wits are not everywhere equally abundant in tropical 
South America, their numbers are so large on an aver age as to 
promptly attract the attention of travelers, even when they do not 
excite their wonder. Residents, who might bo expected to have con¬ 
servative views on tho subject, often speak of them as the owners of 
the land. Such a remark is at first regarded ns merely facetious, but 
the character of some of the writers who make It entitles it to serious 
consideration. As long ago as 1648 Piso said that the Portuguese not 
inappropriately called the ant tho '‘king of Brasil," 1 

Another naturalist who spent some time in ths country ways, 
“Brazil is one great ants' nest.'’ ! Belt says, “They are one of the 
greatest scourges of tropical America." 1 

A Brazilian traveler says of the region of the tipper Rio, Paraguay, 
“The ant anti the different kinds of termites own the land." * 
Another puts it In this fashion: ", . . ants . . . deserve to 

be considered the actual owners of the Amazon Valley far more than 
tho red or the white man*" 1 

These characterizations and others that might lie given are so 
sweeping that, taken alone, they are open to the suspicion of being 
merely picturesque and extravagant ebullitions rather than serious 
statement a of fact. If they arc based on some knowledge of the ants, 
f b('M‘ expulsions seem to spring from more or less personal animosity 
towan! those insects. And yet < his very animosity, if SL really exists, 
must conic from a pretty uniform personal experience of them. Dr- 
Auguste For<4 says that “the ant fauna of South America is perhaps 
the richest in the world from tho systematic point of view'." fl In tha 
book cited 440 species or true ants are noted as inhabiting Brazil, out 
of a total of 2,000 known in tho world. 

But though it is with the number of individuals rather than the 
number of species that we are concerned, it is worth remembering that 
m many considerable regions a einglo species may occupy about oh tho 
ground space thht it is possible for ants to occupy. A single species 
may thus fahiv swarm and do a vast deal more work than several 
different species* 

Tho true ants, evidently of a large number of species, arc so 
abundant and are such serious pests in some places that the land is 
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practically preempted by them. Travelers pissing the night in the 
open have to be constantly on their guard against colonies of ants* * 
Fighting such colonies under the circumstances is simply out of the 
question. When one finds himself in disagreeable proximity to them, 
the only thing to he done is to move at once and leave the ants 
masters of the situation* 

Bates, speaking of a certain species, says (page 354): 

Thw Ed tons are mwh in the pathways of the forest at all pltc«i on the banks of the 
AniazojiP., im voting in dea§e column^ of oot|nUe«f 

On the Rio Tapajos, in the Amazon Valley, he noted the 

quantity of drowned winged anta ailing ihc boadh; they were all of gdg apeciew, the 
toribk/cjnntTfl tk jhgo iMyrmtfa tm issitna), the d ^d Of half-dead bodies of which 
ffi?re beaprd up in a lino tm inch of twp In bright and breadth, the line continuing 
without feu rrupUim for vn ilpp at thn edge of the wliter. The nontl^ thcupysalii hud 
bop-n doubt ]mw vtL»i uito tho liver while flying during a euddoti squall tho night befotO, 
and afforward* rant nshes^ by tho waves. 1 * , . 1 warn told that this who! 

dratmetfeb of ant life takes piano annually, and that the mate compact heap of dead 
bodies which I aw only in jieirt extends along the hanks of tbo river for 12 or 15 mike 
(op. cit., p. 2®$h 

1 lmvc seen similar accumulations of dead female anis on the knver 
SAo Francisco and the Rio Paraguay, near Corumbu. and at two 
places on the shores of estuaries near Antra ju, in tho State of Sergipe. 

Bates says the form iffa defog& t or fire ant, was so abundant at one 
place on the Tapajoa that Ehero was; scarcely a square inch of ground 
free from them. (Op, cit. f p. 2G2 + ) 

The only figures T im able to give in regard to the idle** of imt 
colonies Are the estimates given by AzovihIo Siunjmio, a Brazilian 
entomologist who hm studied the tfrmi™, Ke *m innate* the colonies 
at. from 175,OCX! to €00,000 individuals, 1 

neemuen vexe 

The dealruction wrought by the true ants k confined chiefly, hut 
not entirely, to Agricultural product* It is no uncommon tiling to 
find spots where certain ants are so abundant and so destructive that 
the planters simply leave them alone. Sometime* it happens that, 
after dealing a piece of land, and beginning their planting, the farmers 
find the ante &o destructive that those particular fields me abandoned. 
In the coffee regions certain ante, popularly known ns tho jo 45a#, 
are so destructive that a systematic and unceasing war has to lie waged 
upon them in order to save the coffee trees. But their attacks are 
not confined to coffee trees by any manner of means. They cut and 
carry away the leaves of the mandioca plants, orange and lemon trees, 
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aud id] kind* nf garden vegetables. Indeed, there socm to be very few 
or no cultivated plants that they do not attack, 

They generally move along well-beaten paths that are almost 
wide and ns well defined as sheep paths in a pasture. 

The expense of fighting these ants is a really serious item in the cost 
of the ps-otlnotion of Brazilian coffee. A distinguished Brazilian 
planter ways* with perfect justice., that “among the obstacles with 
which Lite planters have to contend * * * there stands per hups 
in the front rank the destructive force represented by the mUla ,* 7 " 

One can get some idea of the economic importance of anta in Brazil 
from the fact that in the seventies and early eighties an enormous 
number - »f privileges or patents were naked of the Brazilian Govern¬ 
ment for machines and devices of various kinds for killing ants, and 
especially the srtu5<T£, 

In 1857 the Province of Rio do Janeiro voted a reward of $25,000 for 
the discovery of a means of destroying muba*. 1 

It b impassible to keep things out of their reach on any large scale. 
Certain devices are used with more or less success for protecting things 
indoom when they are constantly watched, but standing crops nr 
considerable stores require constant watchfulness and war. 

In regard to the mfiboB in the Amazon region Bate?, says: 

Thi- ant (die tadba) h seen everywhere about the suburb*, tmuvhing to uud im in 
bmui column*. From its habit of despoiling the m-wt valuable cultivated treoa of 
ih&ir foliogo, it Ss o great scourge to the Brazilian*. In mm e distriotri it i$ abundant 
tbit B^iriilniK? ip almoni impusedtJp, and everywhere comp kin t* are braid of I be 
tomb So pest 1 

ATTACKS ON MAS. 

'Thef&rmigti defogv, or fire ante, ure &o called on account of the pain- 
fulness of their sting* When they are met with in large numbers 
there b simply no withstanding them* 

One of the reasons for calling ants the kings, rulers, and owners of 
the v-onniry h dim to the vicious attacks they make upon all kinds 
of an minis* Bates tells nf one ciuse in which a town on iheTapajoe 
was actually depopulated by ants of this kind. Thb statement 
geems sn remarkable that it is quoted here at length: 1 

Aveyros wm? deserted si f&w years before my visit on account of this little tormentor 
fjbruiigt i <k and the inhabitnt& bad only recently returned to their house*, 

tkblnng ita number* lud decided, It is a small ipedes, of a rtiining reddish color, 
not greatly ditfering from the common red stinging &ot of our own country (ifyrmiea 
rubra)* except that lha pain nud mitaikm caused by Its sting &re touch greater. 
The soil of the whole village is undermined by it; the ground h perforated with thaw 

IH«rk|Ufl de Pwill *i*BXtmhw H*rlsi* A*f^i ^ TmprrW iHtftatfa, ™L lt f p. 215. Rio <S« 
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trance* to ihek itibterrfmeaugan^Hcfl^mJ h tittle sandy dome qccllth henj and to, 
when? the insects brine their young t« receive warmth near the Furfaee. The huu»>* 
hr® ev*min with them; they dispute every fmgimmt of food with, the inimhitanTs. and 
destroy clothing for the sake of ibe Hlarch, All eatiblcsir? obliged to be ;-n?j^ndid 
in biufotfl from the raker* and Uie cords well soaked witli rofnujha bnlwiu, which L- 
the only meant known of praventing them frani climbiityt. They -^em t«i attack par¬ 
son# out of flhwr malice; if we eicwxl (ora few moments in ihe street, even at a distance 
from their uret#, we went nuns to bg uvemiu and severely piratsbftd* for the moment 
an mu E touched the flcub Ire figured hinmeff with his jaws, doubled in iai=i tail, mud ^tun§ 
wi ih a It hi# m tgh t. When wo wore mta ted on ehair> in the evening in front uf Eli e hirn^ 
U> enjoy a chat with our upigblioRi, we hud mUmiIi* lu support our , the leu* td which, 
Lo* well Mi those of the chain-, wore well anointed with the balsam. The cords of lram* 
modes am obliged io he an cured with the hulttini in the same way to prevent the eun* 
fmin paying steepen* m visit 

Anyone who wishes* to get a deur understanding uf ill© woriousne^H 
of the bite of these ante should read Dr. RhdiunJ Spntce’a aot^omt of 
Iris personal ©xperieflico of them 1 : 

August 15 p 1SSS.—Yesterday I had il lu pleasure for the Ursi lime of &r|M?riencInp 
the sting of the huge black ant called mcikudem in Liugoa id end. * * 

J had cone after brin.itta^-t to herborhw in the coupcr-m north of Ban Carlos* where 
them Wf-rtf a w * *1 many dec»y ed t run ka and mo us pa. I an ?ped down pi cut o ff a patell 
•chf it mam H.m sl sf.umjp mcul remarked ihm t by soduiu# 1 exposed a h tve hi d tow In Ure 
hdien weed; hut wlren 1 turned nre to put the iulm* into my vsiwiduus I did not notice 
thut a string »f oiipn r imundiw poured om of the opening 1 had made, I iru* 
speedily made aware of it by a prick in the thigh, which I suppcwl to bocauied 
by a tufike until, springing up, l saw that my feet and legs were being covered 
by flip liruiilid iin.'nndeni. There warn tinibing hilt flight. for it, ami I accordingly 
fun nff lle* quick3y fc* i could omung the -lh tangling bmciebi'zi, mid finally succeeded 
in beating off tho aota, but not before 1 had been dreadfully slung ahuul thf feet* 
for 1 wore an I y sllppera without heel?, oml there enure off in die nrruuylp. 1 va* 
I ink 1 i]i •>ri> thou live minute^' walk fmto tny huure, * * * mud I wished iq walk 
rapidly, but could uol, I was in agonies, and hod much to do t« keep from ihrowing 
myrellpn the ground and rulling nliout as t bad setm the Indian^ do wbvii ^ufferitfcg 
Iroui the of thin am. * * * 


niSPEFIC-IAL A NTS, 

Not all the: m% bowevar^ arc to he loolcetl upon p^sc.s, t erhaie 
carnivorous auls are rather to bo regard ch! ns be indicia 1 tn^n^riniltiire. 
and lei uiaukinri gexierullvj un account of their tlesiruciitnt of caterpil¬ 
lars and oilhor noxious insects. Li distnets where act ton grown 
the hirvie of tlie cotton motha are kept in clu ck by the ani-'i dcslroying 
the young ones, especially daring the early part of the season. The 
invasion of houses by ant colonies is a common occurrence in every 
part of Brazil, Ordinarily these invasions are only tumporary. Dur¬ 
ing the hour or tw T o when these ants swarm through one's house or 
rooms they are certainly annoying, but they soon disappear, and one 
feels that he has been relieved to a considersbh extent from the cock¬ 
roaches and other more offensive and more serious plagues* 
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Many writers liave described the operations of ihese ant -s T but the 
foJJowiugj quoted from Di\ Richard Spniee, will give a e!citr idea of 
them: 1 

One morning boocl afiL-r rimmo the hut wu* suddenly HIJ-ucl with bfcickb-h aul^ 
which pit nimbly about kind tried ihelr teeth im every things M y cluurqtii proved tort 
lough fur them' but they made abort work of ;,l bom it of ri|*» plantains, and riaolrd nut 
cnckmaehMt spidera* and ntbtT euch like denizens of a forest hut r So long nn they 
were left unmoleetid they avoided the hunian hihabimntw; hut when I attempted io 
brush them away they" fell on m? by hundreds and bit ami mung feredy 

Thomas Belt hits a good deal on the fiwamut of tints in Central 
America. The following extract te from his “Naturalist in Xivu- 
fagQAp 11 page 17 i 

One of the smaller fcpecies {Erii&n pmfaEer) used tH-ca£HinsJ|y to vbut t^ur hunw 
and swram over the a nci wnlb F n&miilng every crinsiy nml {hiving out the o^’t- 
rmdaee and spidery many n ( which were caught, palled, bitten to pieces, and carried 
off. The indivkltiala of ihia specie* were n.f various mz*^ the * mall cot immuring one 
aud ft quarter lines Mid the target three lines,, or a quarter nf an inch, 

I fcLW many amijt« of ibis, or a closely ill lied specie, in the forest. My attention 
wsj generally first railed to them by the twittering o f pome nnall birds, belonging to 
.m-vcfuI drflereui spufiea, Thai follow ihe lilts in the w.«niL- On appftxirhtstg, a dtMue 
body of i be antic, thief? or four yard* wide, and em numermssfl to blacken the ground* 
would b« Been moving rapidly in one direction, examining tvm 1 cranny and under¬ 
neath every fallen leaf. On the iuibumt in advance nf the main 1 kmI y smaller cub 
umiw would he pushed out. Tim-- m mailer columns would generally Cm fli^h the 
cockrqachf^, granihoppeKi, and spider, The piittuftl iiuerU would rapidly make..fe 
bat tunny in Lheir confusion and tem.r would bound righl into ihe midst of ihe main 
body of ante. 

Bates hm the following regarding the Ecitons, page 354: 

When the podfiarian fulls in wish a train qf these ants, tlie first *%nal given him L- 
a iwittering and resiles movement ei small flecks of pbin-eolored birds (fttU thrushes) 
in the jungle- If ibis be disregarded until he ad van™ ft few mope larther, he is sure 
to tall into inmhlu. and find himself suddenly ui tanked by numlKTFi nf the ftvwrikrUB 
little cmlunat They nwann up hi* legs with i tiered tbit? rapidity, each one driving 
|lh pinrer-liho jaw* into hi* *irin, and with the purchase thiui obtained, doubling m its 
tail, and stinging with all it* might There fc m course left but to nut for it; if he U 
idctimpftuifflf by native-, they will be sure to give the a Linn, (Tying, “Tnudeal th and 
stampering ftl^full ^p«>d to the other end of the ooliimn of mutB, The tmaeioua iiunvcte 
who have ^t?ciired theuu-id vea io hin lu^r then liave to be plucked off one by one, ft task 
which Is generally not ftmjnspliidicd without pulling them in lwnin F und leaving heads 
and jaws sticking in the wounds. 

Th*errand of ihe vn&l anl itrmira i- plunder, os in the taao nf EcUon Ie^ujm: but 
from tbrif moving alwayu atnocpf doj™ thickets, their pmcGodiugfl art? not » cn^y 
to observe as in that specie. Wherever they HMyc t <he whole ATlIlua] worid ia pot in 
comiDQtlen, and cv«y emit lire trit^ to gel out of their way. But it in especially tbn 
vmyustrihcflof ^ingiw iascots that have raum? i»r It-ar, such an hca^bodied spidery 
anlo of other species, maggoia, eMo-rpiilai?, larvwof etc., ail off which live 

under fsllen laivtw or in decaying wrwjd. The Ecitona do not nicsaot vary high cm 
trees, and tbemfuh? the nestlings of bails are nnt much infnmmuded hy them. 


■ HkftScJ N Qica ot a boLmust uU tht Amaraa ml .truEN, tuL. II, pp. n;M73. Ij<Mi4ac H SOW. 
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AMTS AS FOOD. 

Iii die Amazon region some of ihe tails are even list'd by the Indians 
fur food, 

The licsJ and thorax m the parts extern, the abdomen being nipped oit f;U San 
Ctarlo# j wfcnriaiitly sw them oaten entire), and it ia eaten tmcifked. 'Hit- butte to use 
L* * strong, fiery, mid dbfigi™ibl^ Inst ilu.ee whu bivecdU-n the tachfcn fried in tun Is 
uil lull me It ifl quite puhnnble . 1 

Orton 2 soya die miibm “arc eaten by the Rio Negro Indians, and 
esteemed a luxury, tfHb the Tapajoa Tribes use them to season their 
mandioca sauce-" 

In the more thickly settled parts of Brazil the custom, nf eating these 
ant* is either not practiced nowadays, or, if it is, it is not generally 
known. In the early history of tho country, however, whoa the native 
IndiaiLs were much more abundant limn they are now, the custom 
appears to have been common. 

STRUCTURES ABOVE OEOTOD, 

Origin of the wtrueturts ,—The word *"nests" frequently applied to 
the superficial structures of an is should not be undent nod to mean 
nesrte in the ordinary signification of the word* Thtfco structures 
sometimes contain the queens, eggs, and lore®, but at oilier times 
these are kept iri excavations below the surface* 

Tho mounds made by the true ants all begin as small funnel-shaped 
ridges around tho excavations started by individual females. The 
large mounds arc the results of the w ork of many generations and of a 
vast number of individuals. 

Without going into any detailed description of the habit# of the 
ants, it is worth while to give, for those unfamiliar with their habits, a 
genera! idea of the methods followed by the.se ants in establishing ikw 
colonies and m increasing them. When the swarming or mating sea¬ 
son of the m uha ant conies, the young females leave their homes and 
fly away. They seem to fly about very much at random—at least . I 
have rarely seen them going in any particular direction-—and when 
t hey have been seen going together St w as apparently due to the direc¬ 
tion of the wind or the position of the sun at the time, rather than to 
any definite purpose on their part. 

When the female alights oiler a (fight of only a few minutes, she 
breaks off her wings and at once falls to work at excavating a burrow . 
AH kinds of places are selected for t hese burrows* It does not appear 
that the selection is deliberate, but it seer m to he determined by the 
accident of alighting from an aimless flight. Judging from the largo 
number of individual females I have frequently seen in the tur and on 


I ft UitiATd Sjjttjli i’: Kan-- a! a halAiii.il an i5ir Ann*on Anil Amlcf. Tdl. 1 , p- I-S4. Lv*. 

* Jiwnsa OrtTlif A tide* aiuj tkr AtTWOn, W ej., ^ KjL New York, ]A?B. 
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the ground at one time, Lhc great majority of these young colonies 
mmi fail to survive, Often I have seen the young females bo abun¬ 
dant that there must have been an individual to every square meter 
of land surface over areas of many hundreds of acres. 

In some places where the new arrivals alight the mounds are 
already so thick that there is little or no room for new colonies, and 
it h probable that some of these young females must either be adopted 
into the old colonies or they are killed or die. 1 

It m evident from the nature of the ease that where Hindi a largo 
number of now colonies is started most of them must perish from 
mere overcrowding, if for no other reason. 

The excavation first made by a young female is small and simple, 
and the cart h taken from it is heaped about the opening without 
any apparent order. Dr. Huber, in the paper just cited, states that 
at Paru, in a colony started by a single female, ihe first worker 
appear at the end of 40 days. Shortly thereafter the queen, or 
founder of the colony, ceases to be an active worker, mid all subse¬ 
quent excavating is done by the constantly increasing number of 
work cm. As the colonies increase in numbers more underground 
room is required, and the amount of earth excavated and carried to 
the surface increases proportionately. This earth is brought to the 
surface in the jaws of the workers in the form of small pellets which 
are thrown down apparently without any other object than to be rid 
of them. Sometimes they are heaped up in fun nd-shaped pita; 
sometimes (hey are thrown out on the down]lilt side of the opening. 
At first these bits of earth form heaps of loose, incoherent material, 
but in time, and with rain and sunshine, it packs down until ii is 
often as hard w an unbaked brick. As long as the colony lh active 
and growing,, addition* are constantly being made to these accumu¬ 
lations, and these additions may bo at any point over the sides or 
at the top. Passageways are either kept open through these heaps 
of earth or they are reexcavated. This is demonstrated by digging 
into 1 ho mounds, but it k evident without opening them, from the 
fact that the fresh material is brought out and spread over any and 
all parts of the surf ace. 

Size of the mourtd $>—It might lie inferred that there would be 
practically no limit to the size of the mounds built in this fashion, 
and I am not sure that there arc any limits save those which may be 
imposed by certain physical conditions, such as the amount and dis¬ 
tribution of the mins, the character of the soil, the area over which 
the necessary plants or food con bo obtained, etc. Of course, the 
mounds are of different sizes according to their ages; but conrid- 

* Jeil Ii#v new raicdiie* si lacibai mu bo wLahliihcd bj n slai^L* ic ll.b1* Jj described by Etr. 1. Huber in 
BiokziKhr- Ccnmausitt wL a, PIK ttft-ui, taiUn tha do tb»ii Gotldi, wle, pp, 

Fu>, \W-*L aim Ui fht Acorn! Export Sf thi? SmUhwOSan lmUftit boa tor U*n r pp. 
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ering only tlio- largest and oldest oih^s made by a single species, and 
found in various different localities, it is noteworthy that, there is a 
great difference in the sizes of the largest of them. Just what deter¬ 
mine this variation I can not say positively, but the Influences 
referred to above—that i% rainfall, character of soil, and vegetation— 
naiuralh suggest themselves as possible influences 

Nowhere do I remember to have seen more or larger ant Uhls than 
along Rio Utinga, in the diamond regions of the interior of the State 
of Bali ill. From the town Ri&chao, down the river to the village of 
Pegas, the example* are lug and abundant. In a few places* they are 
fig dose together that, big and little, they appear to cover half of the 
ground- My notes, written on the spot, say “more than half of the 
ground. J> Such places, however, are exceptional. The distribution 
is always more or loss iiregular—bunched apparently on account of 
cbanicteristics of soil or drainage, or for some other reason that does 
not appear. In some areas of from 10 lo 20 acres the ant hills 
occupy from a fifth to a ihird of Urn ground, while over larger tracks 
they lake up from onoeighth to a seventh of the ground. In height 
the nit hi mis are often as much as 5 meters high, with bases 15 or IQ 
meters in diameter. In the forests these mounds are generally over¬ 
grown with young trees. On many of the big monads I have ween 
trees more than 30 centimeters in diameter„ At the village of 
Antonio Jose the people have planted pineapples upon the mounds. 

At fazenda Bello Horizonte, about 18 kilometers nurds. of the village 
of Pegas. the ant liilla arc so large and stand so thickly upon the 
ground dial they form one of the most striking illustrations I have 
ever seen of the work of these inserts* An area of some 30 arres or 
more is there covers I widi mounds resembling haycocks. They 
probably average 2 muter* in height and a diameter of 4 or 5 meters 
at the base. 

At a place called Font© Nova, on Rio Utinga* S kilometers north 
of the village of Pegaa, the ant id I Is are a remarkable feature of the 
landscape, To the east and northeast of the Protestant college the 
mounds cover the old fields. One of the accompanying photographs 
(fig. 2 ? pi. I) and text figure 1 were mode in this region. 

Six kilometers north of the station one 1 way found by measurement 
to be L£ meters high and 4*3 + meters wide at the base. This 
mound was not regarded by the people of the locality as anything 
unusual. 

To the east of Serrinha several mound* were observed with a height 
of 3 meters and a diameter at the base of 10 meters, Thete mounds, 
therefore, contain each 78.5 cubic meters of earth. 

Along tiie western half of the Bahia and Minus Rahway, that starts 
from |h© roast near Caravel!as, in the southern part of die State of 
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Buliin, and runs west 376 kilometers into the State of Minas Gernes, 
util Julia, are big and abundant. The newer ones are steeply conical, 
but with ago they become more or less rounded and flattened- In 


the vicinity of Unicu Station (kilometer 226) the mounds ore so tliick 
and so close together that the country looks like n field of gigantic 

potato hills. 






Smiffiicriiin R*pc*1_ 1 ? 11.—Pi-AT£ 1. 



t. Newly Cleared Field Covered wfth Mounds OF Ants near Rio Utinqa> State 

of BAii A r Brazil. 

Tllfl tmtfrcsk n[ trvcHinili) Jiivtf Iwuc* nl hLx i-r Bf.'Vrti jniTWfi. It, f Midi] t r 1307- 



3, mdunds of Termite* in an old Field neab Queluz t State of Mikas G&raes k 

Brazil 

WJaitn j*putn Life llii? tacfcfTUiini t Are HwtftittfflK I'frali^futjh hjr Ur. ff wrwill lit- C*m|**^ ISO?. 
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In some? plucks they stand so close dial tlidr bases touch each other, 
though such cases appear to bo rather exceptional. The mounds in 
this port of Minas a ml Baida that appear to hare readied their full 
development range from i to 4J meters in height and from 3 to 10 
meters in diameter at the base. The biggest of these inounib— 
that h, one 4 + S meters high and 10 meters in dinme ter—con tains 
approximately 117 cubic meters of earth. 

At one place in the Rio Dtinga region, where (lie forests had been, 
cleared away so that the mounds were clearly visible, I selected a 



1—Anl ]i!il tl'uraupi Lift imntfJn) h iCffinfe Km, Sii it of BiiMx, ElnuiL 
OfaHUti Uy It. fraud*] ]» l»f.J 


spot where they were strikingly abundant, and measuring a space 
100 by LOO meters, ad nearly as it could be done by pacings counted 
the mounds within the area and estimated their heights and diam¬ 
eters at the base. 

The slopes of these mounds vary from less than 30 degrees up la 47 
degrees, and on some parts of thorn there are even perpendicular 
places. It was thought that 33 degrees was a fair average for the 
mm in this particular area. 
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'flic figures obtained ore given in tlie table Wow: 
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Tbis estimate makes the urea actually covered by the moutnk close 
tu one-fifth of (lie total area under consideration. My notes show 
tJiat within areas of a few acres the ground covered by the mounds is 
sometimes an high US one-half of the totid area, The cubical ron- 
uaits of die mounds, if evenly distributed over the entire 10,(1(10 
square meters, would have a thickness of 22.25 coniirooters. 

Although the mo rank within (he urea here considered were large, 
they were not tile biggest L have seen, nor do they average as large an 
can be found. The largest ones measured were on the upper drainage 
of Rio tilings; several of these were found to be 5 meters high and 
16 and 17 meters in diameter at tile base, and each contained, there¬ 
fore, about 340 cubic motels of earth. There were no other mounds 
closer to these than JO or 15 meters. 

The reader should be reminded, however, that this sort of thing 
is not to lie seen in all parts of the country, by any manner of means. 
So far hr ray own observations go, ant mounds are unusually large 
ami unusually abundant in this particular part of Brazil, 

Age of tht mound#,—The amount of work done by these ants in a 
region where they seem to be favorably loruted is fairly well shown in 
the preceding table. Trustworthy data for calculating the lime 
required to build & mound of it given size or to tie any given amount 
of work are lacking. Necessarily the time must vary with the size of 
the colonies, other things being equal. The colonics, however, 
appear to have their ups and downs, for while some of them increase 
id numbers and continue to add to the mounds for long periods, 
others appear to bo less active, while still others disappear, whether 
by migrating or through the death or captivity of the members 
b not certainly known at present. It k interesting to note that the 
Brazilian? generally regard the size of the tin t hill ns directly related 
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to dm of the colony. At Servmbn f on the Sfto Francisco Railway, 
that mounds about 2 meters higU Mid having a baso of 
meters were probably as murh as a hundred years old. 
Tlib was an exproastou of views bn^ed simply upon a general imprifs- 
Mon and not upon records. 


UXDERGBOUND WORE. 


So far as I can learn, there has never been any careful cXMniiiation 
or study of the character, extent* ami uses of the underground excava¬ 
tions made by ants sit the Tropics* What is known about them 
has been teamed accidentally, and our knowledge of the passages h t 
therefore* frogmen tan, T have frequently dug into the mounds* 


Fla. a.—JLni Tillh made Iff tbt- * Fornlfft tit tmdknft,* near V«*tiEi R SItt4 of E*hhj, IlfjtIL 
iFnaffla NiDtfiefrtpti hy &.CivulatL r IKiJ.J 


but always without the lime necessary for satisfactory results. The 
most I have been able to make out in these hasty explorations in 
that the superficial mounds are penetrated in every direction with 
passage wap. The large mounds were in no case opened down to the 
original surface of the ground ; but when small mounds were opened 
they were found to connect through small tunnels with the under* 
ground excavations. 

A pit started by the removal of a large ant hill east of Timbo, in the 
interior of Bahia, and continued to a depth of about 4 meters, showed 
the arrangement of the underground tunnels better than 1 have seen it 
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elsewhere. Hie section did not pass through (he main shaft or tunnel 
that connected the ant Mil with the subterranean excavations, hut a 
little to ono Fide of it. Tito upper layer of the earth, to a depth of 
half a meter, was undisturbed; then there was one tunnel with a flat 
floor, about 2ft to 25 centimeters across, and having a low arched 
roof; below this, at n distance of about. 25 centimeters, were two 
tunnels at the same level and of about the same size and shape; 
below these, at a furl her depth of about 25 centimeters, were three 
similar openings. This arrangement continued to a depth of nearly 
2 met cm, the tunnels being more numerous always at the lower 
levels. The tunnels at the lowest level did not form a complete 
row, hut the work seemed to hove been commenced at the outside. 

This same arrangement of the tunnels has been seen frequently in 
railway cuts and ditches, but nowhere else have I seen so many levels 
or such a clearly defined plan in the p luring nf the excavations. 

In some other rases noted the number of tunnels connecting the 
above-ground mounds with the underground galleries seemed to van* 



Fig, i -Nwi trf kcd-cuctlfis ut. 

After EMU -Tltf V&lundlsvLh Nkmifi»p ,h p.flOL 


with tho size of the mounds—that k P the more! ground the mound 
covered, the more passageways there seemed to ho to connect with the 
galleries beneath. 

Tho section through the burrows given by Belt is reproduced in 
figure 4. This section, however, is diagrammatic, and does not. claim 
to show the great extent of the galleries. Belt tells, however, of 
galleries 1.5 meters in depth (p, "0), The beat evidence I have 
been able to gather In regard to the depth to which the ants penetrate 
has been obtained in cuts dong railways and canals, and in deep 
ditches often dug to serve as fences. On Rio do Pence, near Serro, 
in the State of Afinas Gems, I found the galleries as deep as 2.5 meters 
at several places along a canal under construction. Most of them, 
however, were only about 1.5 meters below the surface at the deepest 
points exposed. At Bomfim, on the Bahia and Silo Francisco 
Railway, I found the burrows exposed in u deep ditch at a depth of 
2.1 meters. 
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Sampaln, a BrnJalian ^Moniologist who has given muck attention to 
the Miului iinLs, allows one harrow mh mark as 3.5 metcre below the 
surface.* 

Ur, J&oquim Luatosa, of Lafayette, State of Minos Genus, Brasil, 
writes; 

Competent penwiw a?wi ±m cue that tin? true auiLir burrow to a d&pth of 10 
ot ino«\ and dint iWy exhibit a Rtrangn and remarkable intelligence, and that t hoy 
even enm wide sm d deep aUnaqnM by moan* of tunnels m deep as to avoid the infiltra¬ 
tion of ihe water. 

The length of tlw tunnels has often been demonstrated hr forcing 
smoke through them. I have myself seen fumes blown into one 
opening and issuing from others as much ns 300 metera away. 

Ants excavated a tunnel under the bed of the River Parohyba, 
at a place where it b ah broad m the Thames at London Bridge. 
At the Mago&ry rice mills, near Para, these ants once pierced the 
embankment of a large reservoir; the great body of water which it 
contained escaped before the damage could be repaired? 

Another writer. Rev. J. C. Wood, tolls of the say las having* f ruined 
a gold mine for a time r breaking into it with a tunnel some SO yards 
in length and letting in a torrent of water, which broke down the 
machinery and washed away all the supports, so that the mine had 
to be dug afresh/" a 

The diameter of tin underground passage varies from l or 2 centi¬ 
meters up to 5 cen i i meters or more. They widen out and narrow 
clown without any apparent reason, and those made by the saubas 
that have been examined have here and there local enlargements that 
are commonly from 1 to 2 decimeters in height and from I to 3 deci¬ 
meters in length. These chambers, when freshly opened, I have 
generally found filled, or partly filled, with loose, moldy masses of 
dead leaves. 

Belt describes the underground passages in Nicaragua as follows: 4 

Id uu t rti Sninjr opera tu™ wo *L?n a fin two occasions, carried our excavation* fretffl 
below dp thruagh very iotimicadums, so that all their uodergroimd workings 
we ro exposed lo obaervuticiD. I found their neats below to cmwht of DUtiMmtt 
rounded ehamb^FFr about a.- Lii^w u a man 4 # Lead, coniw€ted together by tunneled 
paisages leading fn?m one chwab^f to another. 

EELATIONfl TO THE &©TL. 

The distribution of ant colonics as shown by their mounds suggests, 
if it does not prove beyond question, that the character of the soil has 
an important influence cm the distribution of the ants themselves, 

* A. O* fa Amndfl SBinpBta; SftLUm oa Iftinlm-uilm, pp. E r &, ii, ^ T^n Id. 1HH. 

1 If. W, OnW VsiumiUt an tho Atuahui, lib *d. , pp, Q-1X 1 jinUf ti. 1«-5- 

1 Cik^Lr* Wfljfrtnfi: in Sou th Anifrin, Eiplwwlon- IffiH J. fl, Wofli, p, 17, 

lj«idvu. i se. 

1 Tl» XaiumUsj in S kaiapiWi. P- HA 
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In view of the habits of a.nta, it' seems highly probable that at. flu* 
time of leading their nests tho young females scatter overthe surround¬ 
ing region pretty much at random. When they alight, some of them 
find themselves in locations where ant colonies, on account of the 
character of tho ground, can not possibly survive, and as these young 
females break off their wings ns soon as they a li g h t, they can not 
renew their flight arid seek mow favorable ground, but they must 
parish without having founded a new colony. And tliis must happen 
over and over again, with the final result that localities unfavorable 
for ants do not have ant colonics, while the favorable local!(its may 
have a superabundance of them. I 1 nvornblc and unfavorable con¬ 
ditions are not always sharply defined, but merge into each other. 

In some cases it is quite evident what constitute unfavorable condi¬ 
tions. Ground that is constantly wet or liable to inundation can not 
be occupied, hard, rocky surfaces, or even very thin soils, are not 
available; soils »o candy or friable that underground tunnel* dug in 
them will not stand are evidently not available for the cstablishAiont 
of colonics. 

Between soils must favorable and unfavorable ones tliere are all 
sorts of gradations, so that one is prepared, for this reason alone, to 
find the ant hills bigger and more abundant in some places than in 
Olliers. It is evident that it U all a question of adaptability, how¬ 
ever, rather than a matter of choice on tlse part of the ants, 

Just what kind of soil is most favorable for the ants I can not stele 
positively. Sly general impression is that the mounds ore most 
abundant on clayey soils, whether the day comes directly from tho 
decomposition of feldspalhic rocks ui> from the disintegration of shales 
and slates. 

Thk preference for the clayey soils is well shown at numv places 
through the diamond-bearing highlands of the interior of Bahia, 
where thei diamond-bearing quartzites, known aa tho Lovroa scries] 
are underlain by a thick series of shales called llir Caboclo scries! 
The Lavras beds being quartzites, or sandstones, break down into a 
very sandy soil, white tho Caboclo shales form a stiff, olayay soil, and 
as they are adjacent to each other the line of demarcation between 
the two soils is usually well defined. While traveling through that 
district in 1907, I was frequently able to locale myself geologically 
by the abundance or absence of the ant hills. Not infrequently the 
line of parting between the two series whs concealed by a thick soil 
and overgrown with forests, but the distribution of the mounds 
would often show the lino of parting within 20 or 25 meters, 

_ My former assistant, Mr. Roderic Crandall, who has traveled extern* 
,sivcly in Bahia, Pernambuco, Pmjby, Minas, and Goyaz, writes, in 
reply to my inquiries, as follows regarding the preference of the snts 
for certain soils; (n Bahia the ante of oil kinds show's preference for 
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(he Eatoflcm and Cabodo shales: next to tlicae the granites seem to 
have the biggest nests/ 1 

I infer that the smaller number of the mound j on the sandy soil ia 
iltio to tho fact that during the rainy wea^m water soaks through into 
the burrows, tuut the exeavalions do not stand up where tho soil is wot. 

Thinking it possible that tho exposure of the mounds or of the 
ground on which they stand to the sun might influence location and 
tii^Uibutian, an outlook has bora kept with these questions in mind, 
ft does not appear thus for that such exposure influences the location 
or size of the nioimtls, even in lhe southern part of Brazil, where the 
sun is on the north most or all of the venr. 

v 

THE WHITE ANTS, UR TER3CTTKS, 

QEHERAT rrUARAUTERlSTICij, 

Tlic so-called white ants, Of termites, Wong to tho btoptera, urn I «r& 
therefore not ants at nil* They are included in tJvis paper solely on 
account of the geologic work done by them in the Tropics, which 
hours a certain similarity t« the geologic work of the true ants. 

In Brazil the white ants tin? rommoniy known by the name of 
cupim, Li their habits the white ant? both resemble and differ from 
the true ants. They generally avoid the light, carrying on their 
work, even when it is above ground, in galleries which they con¬ 
struct as they go. Their nests are sometimes attached to tree trunks 
or rocks, but they are often built direrily upon the ground. Xot 
infrequently these nests are as large, or even larger, tlum the nests of 
tho true ants, but they awe very differ put in shape and charm'ter. 

ABUNDANCE, 

Here, again. I am unable to give any tiling regarding the biology of 
the while an Is. 1 

Dr. Fritz Muller, ivlm lived for many years in southern Brazil, 
reports 15 or 10 species of termites in that part of the country, but 
not all of these live on or in the ground. 

M. Jules Desnettx, in his monograph on the TermitidfC, reports 45 
species from Brazil and some 15 or more from other tropiral parts of 
America, 

White ante, like otuer animals, are not evenly distributed in the 
tropical parts of South America. They are so much less obtrusive 
and pugnacious, however, that, they do not attract the attention 
as promptly as do the true ants, 
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The fact that the white ants live and work entirely under cover 
might naturally lead one to infer that they were much less abundant * * 
than the true ants. But nowhere have I found die ground as thickly 
covered with the termites 1 nests as wifi those of the true ants, a fact 
probably due to some extent to the methods by which the two kinds 
of insects procure their food supplies. 

I have never been able to estimate the number of individual m 
the old colonies* nor have I found such an estimate made by any¬ 
one else* Jn the matter of numbers we are obliged to depend on 
general impressions gained from the abundance of the ikbove-ground 
struct tires of the separate colonies and from certain of their habits. 
For example, it is stated that the queen of an allied species whoso 
habits have been studied has ls mi egg-laying rate of GO per mintute, or 
something like £0,000 per day.’* 1 

AK1MALS FF.EOING OX TEHM1TKS. 

As the white ants have no means of defense against their natural 
enemies, they are easily destroyed and are preyed on by many other 
insectivorous animids, Indeedj one of this impressive evidences 
of the great numbers of the white ants in South America is the 
existence there of certain large vertebrate burrowing animals that 
are said to feed almost exclusively upon the white ants, 3 

The great ant-eater, known in Brazil as the iamandud banddra, is 
said to live entirely oti anta. Brazilians acquainted with the habits 
of the tam&ndtid tell me, however, that the ant-eater does not eat the 
m&bi i# or other biting or stinging ants, but that it lives chiefly and 
almost exclusively on the cupim, or so-called white ant. To give an 
idea of the size of the animal f I quote the following measurements 
of an ant-eater as given by Webs: Head, 16 inched back, 4 feet; 
tail, 4 feet; total length, 9 feet 4 inches 3 

The existence of an animal as big as an ordinary dog, over 2 feet 
high at the shoulder, with its long, slender muzzle, its powerful 
forelegs and daw* adapted to the excavation and exploration of 
ant-mounds, and its tongue nearly a yard in length, and living 
chiefly, if not entirely, upon white ants, is an important witness 
on the side of the abundance of termites in the region in which it 
lives. Rules reports four species of ant-eaters in the Amazonas 
region, two of which are large and two small ones (op, dt>, 2d ecL r 
p t 110)* while Wallace says there are five species in tropical America, 
besides one extinct form. 1 

fcO. L- M^riaU^ Ctmiiflr p, Up W mf., Umwaa et EiUomiUdfij, IF. bk Of-putmanl of 
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The armadillos, known in Brazil m fetus, tire also aul-c&ters, As 
Mr. Wallace points out , 1 the armadillos arc highly characteristic 
of tropical South and Central America, and at the time of the publica¬ 
tion of liis famous work on the geographical distribution of animals 
they embraced 0 genera and 17 species, to say no Liking of many 
extinct- species found by Lund in tlie caves of Minas Geraes. Some 
of these armadillos are so large that a single in dividual will weigh 
its much as 75 pounds, or even more. 

They live upon insects chiefly, and the white ants seem to be their 
favorite food. They enter the nests by digging openings nt the base 
of tho cones with their powerful fore feet . 3 

The white ants also form the principal food of tlie South American 
ostrich (fthta amcricana). which h tho largest bird in tropical 
Am erica . 1 

In addition, there are large numbers of birds and reptiles, such as 
Load#, froglizards, and snakes, that habitually feed upon the:-* * 
insects. 

The true suits are enemies of tlie while ant* worthy of especial 
mention. The abundance of the ants and their pugnacious disposi¬ 
tions make them serious obstacles to the development of tlie termites* 
colonies, and they are probably their worn natural enemies- The 
termites have in their colonies forms that are known among biologists 
as soldier*, but so far as I have been able to determine from personal 
observations these soldiers do not attack tho lme ants, though they 
do take the place of soldiers in obstructing the passed of tlie ant*into 
the termite#' nests and galleries. 

The result of the relations existing between the* true ants and tbs 
termite*; is that the two kinds do not thrive together; at least I have 
never found the termites 1 nests where the muhns or other true ants 
were notably abundant. Preyed on by t he true ants and by animals 
of so many different kinds, and even by insects themselves, it occurs 
to one that their chance# of survival m the midst of so many enemies 
must be very small* Hut survival appears to be due largely to their 
habit of living and working under the protection of iheir covered 
roadways, and to the fact that Lheir roads are constructed of mate¬ 
rials that are remarkably inconspicuous. Nothing could look more 
thoroughly abandoned and lifeless than the common run of while 
ants* nests and their covered passages; yet if one breaks through 
these coverings he will usually find them fairly swarming with life. 

My general impression is that those white ants which build mounds 
of earth arc especially abundant in the highlands of Minas Geraes 
and through the semiarid portions of Sergipe, Bahia, Goyaz, ilatto 
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being Added to, tbo outside of the new portion is so soft that it tan 
K* hmJIW broken off with a stick ; blit with time the outside usually 
zt sun-dried brick. This hard outside covers the 
■nd is usually about 0 indies thick, but in the very 
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Grosso, and the interior of Ccurd. Muntnhao, and Fiauhy. Mr* Cran¬ 
dall tdla mo that he finda them most common on the Dinmimlina 
Plateau. 

STRUCTTJRES ABOVE QROtHSTD. 


Gtn*ml charvcUristirt- —The nmU of the white an is, or cupm., 
have no visible external openings. When a mound is new or m 
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big nests it is sometimes nearly or quite a foot thick. Inside of this 
hard, thick revering the materials are quite soft and brittle, and 
partitions nrn so me times almost as thin as paper, though ihlcl 
the larger nests. Where the mound stands on the ground, the 
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ties of the upper portion connect through the perforated base with 
subterranean excavations. 

Parts ol the nests are made of the excrement of the mhabiUint^ 
I have often broken the nests or the covered junil.H of thc^o insects 
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in order to observe tin* workers repair them. In every case observed 
the repair* were made by building up a wall or covering of excre¬ 
ment or something of the kind. At least it is voided from the poste¬ 
rior part of the body in a plastic condition, and is smoothed down 
on, the sides so that the later layers always override the earlier ones 
on both sides of the wall. An examination or their const ruction, 
however, shows that they arc made partly of day or the earth about 
the nest and partly of woody liber. These two substances are 
variously mixed in structure, sometimes one being more abundant, 
sometimes the other. An examinatiim of the materia Li of the out¬ 
side part of the 'aige and old nests, however, show* lhaL lids part 
of the nest at least contains fragments of quartz, sand grains, and 
such like rock fragments that could not possibly have passed through 
the bodies* of the insects. The structure of some of the nest walls 
suggests that these walls are constructed partly of earth and rock 
fragments brought up from beneath the ground and built into the 
nests by cementing them together with excrement or some other 
adhesive substance. 

The outer parts of tho nests, when t hey stand on the ground, are, so 
far 03 my observations go, always made of earth cemented in a thick, 
hard wail* In tho inner portions of the nes 11 he p arti lions are t himicr, 
and though they are made largely uf an cosy-sprcH ding clay, they are 
often made partly, or at least overspread, with a dork, friable sub- 
stance that has the appearance of being masticated wood, loaves, or 
other organic matter* . 

The openings through the mass of the nests are pretty uniform in 
size, bring from 3 to 10 millimeters in diameter and averaging eloso to 
5 or 8 millimeters, Th©openings within the nests sometimes huvo the 
appearance of being arranged in rude tiers; sometime* they are appar¬ 
ently haphazard labyrinths. 

Til© external forms of th© nests vary considerably, but unfortu¬ 
nately I do not know whether this variation is duo to difference in. the 
species of termites, to difference in the nature of the ground, or to 
other causes* 

As a rule, the mounds are ruddy domed, rounded or conical, and the 
method of adding to tho outride gives them a bumpy, lumpy appear¬ 
ance, so that, as Burmoistcr suggests, they resemble gigantic Irish 
potatoes. In some localities they are mostly tall and slender* Most 
of tho tall, slender forms observed have boon in wet ground or on 
ground that is sometimes overflowed. For this reason it is inferred 
theso forms are duo to tho presence of water rather than to n dif¬ 
ferent species of termites. In size they also vary greatly. I have 
seen them as much as 6 motors high and S motors in circumference, but 
these very Urge ones are exceptional. 
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fn southernMinas, south of Borbaeona, Dr. R. IfV oish notes mounds 
of the white ants 10 or 12 feet high. 1 

In the vicinity of Casimbu, in southern Midas, white ants' ncsta are 
to ho 4 meters high and nearly 2 meters in diameter at the base. 
In the vicinity of TaubattS, Sao Paulo, they are often 2 4 motors high, 
while about the city of SSo Paulo they usually are 1 meter and less in 
height. 

Over the level table-lands of the interior of Piauhy, where the soil 
is red d&v, the mounds of white ants are abundant and often 6 or 
S foot high,* * 

At and about Asuncion, in Paraguay, I found the nests very abun¬ 
dant on thn clayey stills, and many of them as much as 3 meters high. 



Fief, 1^-Wb «nLT nm\ built of eaiita, In Ik* 5 Wtt OF ItUm G iffa 
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Tho outer portion of the nest being thick, hard, and compact, and 
the inside being friablo and easily removed, it is a custom in tho inte¬ 
rior of Brazil and Paraguay to scoop out tho inside of white ants’ nests 
ami to use thorn for ovens. Tho door is cut near the base of the cone, 
and tho inside parts removed through it, 

Tho accompanying illustrations will probably give a totter idea of 
tho sizes and shapes of tho nests than verbal descriptions. 

Sir Woodbine Parish speaks of "Corritmtes and Paraguay, whore 
whole plains are covered with their dome-like and conical edifices, 
rising 5 and 0 feet ami more in height."* 

i Rev. ft. W»ldt Kotin* <i ( BnuU In U3I an! tNS, mi.* F- «■ ItoJton, fill. 
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In the region about the head waters of i ho Paraguay the n^ts of the 
white nuts are extremely abundant in favorable localities and l ho 
forms of the neats are different from those noted m other parts of trop¬ 
ical America. The tall and very Vendor forma are expert ally nut ice- 
able in the low, flat prairie lands south of Cuinba. (See fig. 8.) These 
slender forms ore known in rhat part of Email by the Indian name of 
iaevru. 

Age®fihem&imd&. — The method of building the mounds and the 
habits of the termites, so faros I am acquainted with them, lead to the 
conclusion that the size of a mound is determined by its age and by the 
size of the colony building it. Just how long it requires to build the 
largo mounds I have but little means of judging. One frequently sets 
nesds built on houses and fences, and in these eases it has been possible 
to determine the maximum ages of these particular nests. These 
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eases, however, afford only a suggestion. The oldest nests I have 
seen, and of winch I could get an idea of their ages, were not more 
than 50 yearn old, and the biggest of them contained a little less than 
1 cubic meter of earth, the estimate being made without reference to 
the cavities within the mass* 

It is evident that the ab;e and age in one of these cases may or mav 
not help one to determine the time occupied in the construction of one 
of the very large nests figured in this paper, for the rates of building 
may have been very different P 

UNDERGROUND STRUCTURES. 

The above-ground structures of the white an is connect with under¬ 
ground passageways, but wherever I have seen these passageways 
opened they appeared to have been excavated and then to have been 
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filled with smaller chambers made of materials like that used to make 
the rthombeis of the mounds above ground. An examination of the 
thin chamber walls found in some of the underground excavations 
ah &m that they have been constructed of soft, plastic materials* so 
piled up that each later addition overlaps the preceding one on both 
sides of the wall. The materials are partly of reddish clay like that 
of the ground in which the nest is made and partly of a dark brown 
substance that I take to be organic matter—probably masticated 
plants, 

I have never seen the excavations made by the white ants more than 
ft meter and a half below the surface, but I have heard of them being 
found considerably deeper. My friend* Dr. Joaquim Lustosa, of 
Lafayette, State of Minas Geracs writes me on this subject: “As for 
the depth to winch they penetrate the ground, it is my impression 
that it is but little more than 3 meters." 

RELATION OF NESTS TO TILE SOIL. 

The white ants do not seem to be so dependent on tjie character of 
the sod as do the true ante, This k probably due to the fart that 
when the true ants excavate their tunnels in the earth they depend 
on die character of the ground and the form of the excavations to 
support the structures. The white ante T on the other hand, depend 
partly on the nature of (he soil, but partly on their method of cement¬ 
ing the materials of which their nests are made. 

The preference* ho wever, of the termites for certain soils and certain 
localities is very 4 evident in some districts. On the upper Paraguay 
places have been seen where the mists arc quite thick over certain 
areas, while there were none, or but few, on an adjoining area. Wher¬ 
ever these marked contrasts have been observed, however, they have 
apparently been duo to a difference in die amount of moisture in the 
ground, X have thought that the white opts are sometimes found in 
rather wet ground, because they are there comparatively free from 
the attacks of their enemies, the true ante. 

Opinions of Brazilians in regard to the distribution of the termites' 
neats vary considerably; some think they arc tuora abundant in die 
open enmpo regions than in the forests: others think they prefer 
fields; still others think they are favored by a dry climate* All of 
these views appear to have more or less support. I have much doubt* 
however* about the theory of their preferences for campus. It is true 
that they do appear very abundant in the campo regions, but I am of 
the opinion that the apparent abundance is deceptive and due to the 
fact that all the nests are risible ut once over a wide urea (pi. ] t % T 2)* 
w hile in u forest-covered area no nests, or but few nests, can bn seen on 
account of their being concealed by the dense vegetation. This im- 
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prcssion has been deepened by the fact that in several instances where 
the forests have been cleared away the mounds of the white ante 
appear to be quite as abundant as they are m the old clearings or 
on the open compos. 

Further support is given this theory by Maximilian. Prince de 
Wied'-Neuwiad* who, in speaking oi the white ante* nests near Con- 
quista, in the southwestern part of the State of Baida, saya that they 
are extremely abundant in covered and wooded places. 1 

RELATION'S TO VEGETATION. 

Compared with the true ants, the white ants arc harmless. At least 
they do not attack crops and animals or render certain localities unin¬ 
habitable, The harm they do to agriculture is con fined to the mere 
encumbrance of the ground by their big, hard, rock-like nests. Thev 
do, however, destroy wood used in the construction of fences, houses, 
bridges, and furniture, and they sometimes burrow into books anti 
papers that are left to stand for a long time undisturbed. 

I quote below some remarks of other writer* in regard to the 
destruc tion of timbers by termites* but I must add that I am disposed 
to question the rate at which these insects are said to destroy wood. 
My own observations lead me to conclude that the idea expressed by 
Drummond and others that a piece of furniture may be destroyed in 
a night is simply a picturesque way of putting it. In the fimt place, 
there arc certain kinds of wood (in Brazil at least) that the termites 
do not attack at all I am unable to say fust now what kinds they 
are, but it is a matter of common information among Brazilian 
carpenters and cabinetmakers. 

In the second place, the method of discovery of their destructive 
work frequently leaves an erroneous impression, in accordance with 
their general habit of keeping a way from the light, termites attack a 
piece of wood that forms a part of a building from within. Their 
work does not appear at the surface at all, and it may be carried on 
for months, or even for years, without its being discovered. But 
some day a window sill crushes in, a doorpost is shattered by a 
trifling blow, or a rafter gives way without its ever haring been sus¬ 
pected that they were being attacked by the cupim. The suddenness 
of the discovery not unnaturally leads to the unwarranted inference 
that all this work was done during the preceding night. 

It should be noted that although the white ants are abundant in 
forests, I am not aware that they ever attack the living trees. They 
appear to eat only the dead trunks or dead limbs or bark. Many of 
them build their neats on the trees, Neats found high up on tree 
trunks arts always, so far as I have observed, made of woody matter 
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und not of earth. Those on trunks, only a meter or two above the 
ground* are often made partly of woody matter and partly of earth. 

GEOLOGIC W 0 E 1 C 

EARTH MOYED. 

The amount of earth brought to the surface by ante in n few 
instances has been given* The calculations at page 316 show that in 
one ease the earth brought up would cover the ground to a depth of 
22.25 cent imeters. An rati mate by Gounelle* makes the earth brought 
up 15 centimeters thick. In neither of these coses is it known how 
long the building of the mounds occupied* 

Mr. Darwin's study showed that the earthworms m many parts of 
England bring to the surface annually 10*516 kilograms of earth to the 
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acre. * 1 In order to compare the work of ants with that of earthworms, 
it would be necessary to know how long the ant hills were in process of 
formation. Unfortunately, I have no trustworthy means of deter¬ 
mining the ages of the mounds. If we assume an average of 100 
years for the age of the mounds over the area measured (an average 
which seems to me quite conservative in this cose), the total work of 
worms and ants would compare as follows: 

Total weight of earth brought to the surface in 100 years over 
l hectare (10,000 square meters}: 

£jkwrsnuL 


By worms in England.______ *2,HJB,$QQ 
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It Is to be noted that the amount of work done in both instances is 
rather exceptional—that is, localities were selected favorable for 
exhibiting the activities of worms in one case ami of ants in the other, 

I liavo not rust worthy data slutwing the amount of earth I ’[‘ought to 
the surface by termites over a definite area. The placets stun where 
the nests were most abundant wore in low, inaccessible grounds on the 
upper Paraguay. My impression U that in those particular localities 
there was less earth brought tip than in the case of the true ants 
cited above. 

The sizes of individual white ants’ nests were frequently measured. 
One of the largest X ever saw in Minas Geraes was 6 maters high and S 
meters in circumference 2 meters above the ground* and contained 
30.55 cubic meters of earth, no account being taken of the porous 
nature of the structure, which would probably reduce this total by 
3 or 4 cubic maters. 

Another unusually large mound in the State of Minas was 4 meters 
high and < met cm in circumference 2 meters above the base, and con¬ 
tained 15.59 cubic meters of earth. These are individual eases, 
however, and I am unable to say how largo an area the contents can 
properly be distributed over, how long the termites were in doing the 
work, or how largo the colonies were that made them. 

In the case uf the white ants, the earth undergoes some process of 
digestion and passes through the bodies of these insects, so that the 
chemical effect is probably more important than the mere upturning 
it gets from the true ante. 

organic n ATT kh. 

The true ants carry into their burrows enormous quantities of leaves 
anil other organic matter. These leaves must yield either direct !v or 
indirectly organic acids, which help attack the soil, the minerals, and 
the Tods with which they come in con tact. 

■ The organic matter corned into their burrows by the termites con¬ 
sists cbielly of the decayed wood and other vegetation oaten by them. 
These materials, however, can not fail to contribute, organic acids 
11 lut Help attack the minerals of the sc til uitd adjacent rocks. 

OPE VIVOS IN THE SOIL. 

'Die extensive subterranean excavations, especially those of the 
true ants, permit the freer circulation of atmospheric air and of carbon 
dioxide. These channels must also serve from time to time for the 
passage of meteoric waters, and their great extent and ramification 
must Hasten very considerably all the processes of atmospheric disin¬ 
tegration and alteration of soils, minerals, and rocks, 

Unfortunately wo have no observations at present that enable us to 
gi\ r quantitative values to these underground agencii's ami activities. 
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We only know that the openings beneath the surface are rudely equal 
to the amount of soil in the above-ground structures, 

RfiSOMfi, 

Ante and termites are vaatly more numerous in tropical America 
than they are in the temperate regions. 

They show a marked preference for, or rather their structures stand 
up better on, clayey than on sandy soil. 

They affect the geology, especially l hr soil and subsoil^ both directly 
and indirecth% 

Directly: 

L By their habits of making underground excavations that 
radiate from a central nucleus and often aggregate several 
miles in length. * 

2. By opening the soil to atmospheric air and gases. 

3. By bringing to the surface large quanlil ies of soil aod subsoil. 

4. By introducing into their subterranean excavations large 

quantities of organic matter which must yield acids that 
affect the soil and the subjacent, rocks, 

5* By mdng these excavations for habitations and the produc¬ 
tion of gases that attack the soil and its contained min¬ 
erals. 

Indirectly: 

(1* By the periodic passage and circulation of meteoric wit lor* 
through their extensive lumieis. 

7. By affecting the availability of the soil for agricultural pur¬ 
poses. 

5. By affecting the habitability of the land by man. 

9. By the destruction of crops* 

10* By the consumption (by termites) of dead plants and of tim¬ 
bers and lumber used in houses anti for the manufacture of 
funiiture, machinery* etc* 

Although the data available are defective, we seem to be warranted 
in concluding that ants and termites are quite as important geologic 
jigents.in tropical America as ore the earthworms of temperate zones. 

They arc also factors of great importance from an agricultural, 
economic, and social point of view, 
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REGIONS AS EVIDENCE OF GEOLOGICAL CLIMATES* * 1 


By Prof A, G. Natoor-st, ot Stockholm. 

TnmrfntH Irom ilia French origixifcl 1 by E. A. Newell Arue*, M, A . F. G. S 


Among the problems which are constantly eallod to uimd dining 
geological explorations in the Arc tie regions, that of the climates of 
the past naturally demands spec-hd attention. The contrast between 
the present and the past is there more striking than in any other 
region. Beneath the snow and ice bordering the Arctic Sea one 
marvels to find, for example, large corals in beds belonging to the 
Carboniferous system, or again the remains of saurians, ammonites, 
or nantiloids in those of Triassitr age. But when one bears in mind 
the extreme richness of the invertebrate fauna of the Arctic Seas 
to-day, when one remembers the colossal whales which find their 
subsistence in these waters, one may be inclined to ask if il has not 
been an error to conclude, from the occurrence of the fossils above 
mentioned, that the climate was formerly more genial than it k to-day. 
Should we not bo underestimating the creative power of life if we 
imagine that, among the saurians, the ammonites, and the nautUoids, 
no species has been able to develop which was adapted to life in the 
Arctic Seas! If the reindeer and the musk ox were extinct, who 
would imagine that these beasts were able to flourish on the scanty 
vegetal ion of the high parallels north of SD a of latitude! And who 
would auppose that such monsters os the mammoth and the woolly 
rhinoceros could find sufficient nourishment in the poor vegetation 
of the tundras or the coriforous forestst Such examples teach pru¬ 
dence ) there is certainly no question which requires so much caution 
as the problem of deducing from the faunas of the past the climatic 
conditions under which they flourished. 

This remark applies with equal force to the floras* Although 
to-day the cycads only occur in warm regions, it would be an error 
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to conclude that the eyendophyta of the past have always nourished 
under simtlnr conditions. On the contrary, wo must admit that dur¬ 
ing the Mesozoic period, when these plants were abundant, it would 
no doubt hiivfe been possible to find several spocica which had adapted 
ihemsdvps to an Alpine cliruale if such a one had then existed. And 
if t iiinco then, the differential ion of climates has begun to nniko itself 
felt, it would t>e again a cose of overlooking the creative power of 
life if we assumed that none of the species of cycadophytes were 
able to adapt thenteelvea to a temperate climate in the Polar regions. 
Again we meet with difficulties, even when we study the plants of 
the Tertiary period, which are assigned to genera still living. Our 
common juniper (Junipmu communis, Linn.)* which exists in 
northern Europe as far north as the Xorih Cape, exceeds by 20 to 25 
degrees of latitude, in the Eastern Hemisphere, the northern limit, 
not only of the other species of this genus, but also the whole family 
of the eupre^sineffi. Now, if one imagined that the common juniper 
were extinct, one would naturally draw conclusions relative to the 
fossil remains from the distribution of the other species, and one 
would consequently suppose that it lived under a climate much 
warmer than is actually the cose. One would scarcely imagine that 
we were concerned with a plant adapted not only to temperate but 
also to Arctic climates, (One finds the juniper, on the western side 
of Greenland p up to the sixty-fourth parallel.) 

Tbe&e examples counsel prudence, and the matter should be treated 
with judgment and circumspection. But ? even if it is necessary to 
make reservation*, when one seeks to determine from the fossil plants 
the nature of the former climates m the Arctic regions, at least one 
can not doubt that they were distinctly warmer than that of the 
present day. The difficulty of explaining these former climates, 
especially when one has to take into consideration the length of the 
winter night, b without doubt tka reason which W led some scientists 
to evttdo the question, instead of seeking to eolvtj it. It is indeed a 
case of evading the question when it b boldly asserted that the plant- 
remmn§fi, on which Ilecr* has based hk theories of ancient Arctic 
climates, have been drifted by marine currents to the places whore 
they have been found. 

It U not. to be deputed that plant debris may l>o transported in 
water for a very great distance wit Is out being damaged, provided that 
they are carried at a sufficient depth to escape the influence of the 
movements of tho surface layers of the water. When Agassis was 
engaged in dredgingon the American coasts, he found that tho bottom 
of the sea—sometimes to a depth of nearly 3,000 meters—was covered 
with plant dfibris, such as wood, branches, leaves* seeds, and fruits, 
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iii dfl stages of decay. Also, in certain places, these remains were 
still fairly abundant at a distance of 1,100 to 1,200 kilometers from 
the shore. This distance corresponds to about 10 degrees of latitude. 
It i$ thus proved that the remains of plants may bo transported for 
very considerable distances. But this is true <mlj r of inimim deposits. 
If we are concerned with fresh-water sediments, the example given 
has no bearing on the case* 

One might, however, reasonably suppose that a river T flowing in 
Lhe direction of the meridian from south to north, might have carried 
from tho southern regions leaves and other fragments of vegetation 
which became buried in some deposit of the stream itself ] or of a lake, 
winch it traversed, or of its delta. This is a possibility which must 
not he neglected, but on tho other band ii mml not bo treated as 
though it were an ascertained fact, since we do not know how far it 
applies to the case in point. 

The fact is, it ia puerile to attempt to draw conclusions as to the 
ancient climates of the Arctic regions, before the nature of the 
deposits in which the fossil plants have been found has been ascer¬ 
tained. It ia especially important that an attempt should he made 
to answer the question, Did the plants once flourish in the neighbor¬ 
hood of the deposits in which they arc found, or were they trans¬ 
ported from far-away lands? It is this question which an attempt 
will here be made to solve, by furnish.ing a concise rfeum^ of Lhe 
principal beds containing fossil plants in tho Arctic regions. 

In Bear Island/ and in Ellesmere Land/ beds extremely rich in 
plant remains are mot with belonging to the Devonian system. The 
fossil plants of Bear Island occur in the aeries of beds which also 
include several seams of coal. Beneath the coal, which is composed 
essentially of tho bark and trunks of BotJirodendron* one finds, as 
elsewhere, bituminous schists containing roots, and from I his one 
can show that the plants of which we speak flourished, at least in 
part, in situ. This is likewise proved by the actual nature of the 
plants, as much in the older beds with Archmpim$fmbrk^a Nath,, 
as in the more recent with Psewdvhomia vrsina Nath. Tho latter 
species has been found with large stems or rhizomes, as well as very 
small ones, only a few millimeters In diameter, to which extremely 
delicate, almost membranous, leaves arc alill attached. It is hcnco 
quite certain that there is here no question of the plants having come 
from distant regions* The materials have not been sorted out. Ona 
sees a medley of branches, small and large, and Lhe perfection of the 
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preservation of their delicate leaves demonstrate conclusively ill at 
they have not undergone transportation from afar. The same applies 
to Archxopterie fimbriata. The beds of coal, the clay with rootlets, 
and tho very nature of the plants themselves, all point to the same 
conclusion, namely, that we have here a flora which flourished in part 
on the Tory spot where it is now found. 

As I have already pointed out in my description of the Devonian 
Dora of Ellesmere Land, one arrives at the same conclusions here also, 
and it is unnecessary to enter into further details. 

In the Arctic regions, culm deposits, yielding fossil plants, are 
known from Spitsbergen, * 1 from Iho northeast of Greenland,’ and 
probably from tho south or Melville Island, in the Arctic Archipelago 
of America. 

We will hero concern ourselves only with Spitsbergen, although it 
may be mentioned in passing that the flora of the eukn discovered 
by the Danish expedition to Northeast Greenland, in latitude 
SI° north, consists of nearly tho same species as that of Spitsbergen. 
The latter flora has been observed in many local!lies up to 70 s of 
latitude. It is characterized by tho presence of Stipinarifi, with 
appendicular organs radiating in all directions, still in continuity, and 
penetrating the clay beneath. We are thus able, in several places, to 
observe the presence of Stijmaria: in situ, which furnishes undeniable 
evidence of the fact that the plants lived in the place where we now 
find them. The stems of LvpidoStndren found in the same place have 
a diameter of at least 40 cm. It would be superfluous to give other 
examples, for one can scarcely doubt that the plants of the culm have 
flourished in the very place in, which they are now found, or in its 
vicinity. 

On the other hand, the observations which relate to tho Triassie 
plants of Spitsbergen and eastern Greenland are somewhat different. 
The latter ones belong to the fihmtic Series and include several species 
of Pterophijltum, Podozamties, Cfadophletria? etc. In Spitsbergen one 
finds them as far north as 78°, Neither there nor in Eastern Green¬ 
land, where one meets with them between tho 70th and 71st parallel, 
are they associated with beds of coal, but the manner in wliich they 
occur in Greenland indicates that in no case have they traveled from 
very distant localities. One has not with certainty observed any 
marine petrifactions associated with the plants, but it lias not yet 
been clearly determined whether the Triassic beds with fossil plants 
of Spitsbergen are of marine or of freshwater origin. 
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The most ancient Jurassic sediments of Spitsbergen arc mitring 
and belong to the Sequ&niun stage. There was consequently n Jong 
interruption in sedimentation after the formation of the Hhffitto 
beds. 1 The upper part of the Jufasaic formation (Portlitmlinn) 
furnishes a series of plant-bearing sandstone* *, scams of coal, and beds 
of undoubted fresh-water origin, containing Fn w and Lwph* pofari#* 
The fo^il plant remains belong to two different floms 1 one p the more 
ancient! being characterized by the presence of Ginkgo digiiata 
Brongn*, sp.- the other, the more recent, by Elatides cundfolia Dkr, r 
ep* The two floras are associated with hah of coal, and one may 
hero also put forward the view that- the plants originally flourished in 
the place where they are now found. One of the coal seams at Cape 
Boheman furnishes a great abundance of Pod&Strvitn and PUyophyl- 
htm; sometimes the surface «*f the schists is us completely covered 
with the leaves of Ginkgo digiMti, as the soil beneath a living ginkgo 
tree may be in autumn* Shire branches and seeds of the same plant 
are also associated, it is natural to suppose that a ginkgo forest 
occurred not far away from this spot. The same observation applies 
to Elatidsg cumifolm of the more recent flora, wliich occurs locally in 
the fresh-water beds containing Unio and Liapltu. Floras of the 
same age and composition are also known from King Karls Land, the 
islands of New Siberia/ from Northern Siberia, and Arctic Alaska, 
The Xeocomliin series of King Karls Laud is uvcrli in by slice! s of 
basalt, often amygdaloidal, and containing chalcedony and agates. 
Fragments of silicilled woods, large and small, also occur here, and 
these, without doubt, owe their mineralization to the volcanic 
phenomena. Sumo of these trunks are fairly large, and I have 
myself measured one, which! although incomplete, was 7IH3G cm, 
in diameter, and showed 210 annular rings. Some of these remains 
consist of the lower portion of tho trunk and the primary nullifica¬ 
tions of the roots. 

The microscopic examination of these specimens, undertaken by 
Dr* W. Go than/ has shown that tho annual rings of the fossil sterna 
from King Karls Land were much more accentuated than those of 
stems found in tho corresponding beds of the European continent, 
which indicates that the trees lived in a region where the difference 
between t he seasons was extremely pron a uneed. They can no L there¬ 
fore have been transported front the south by mnrino current s, and a^ 
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I he trunks found in the corresponding beds of Spitsbergen 1 show 
tlni same peculiarity, it J3 quite wife to conclude that we are hero 
concerned with large trees, which have actually flourished in these 
latitudes, and which have not been transported from more southern 

regions, 1 „ . 

The Cretaceous system, as we know It, is represented m western 
Greenland, between the parallels of 60° and 71°, by an important 
series of beds containing fossil plants belonging to the Urgonian, 
Cenomanian, and Scnouiun, the two first mentioned containing coal 
scums. 1 have been able to show, as the result of the studies which 
I made in Greenland in 1883, that beds, full of roots, underlie those 
containing fossil plants at ’Cnartoarsuk, ns well as at IgdUtkangunk, 
Without doubt tlio Uigonian flora, like the Cen om a nian flora, is a 
reliri of vegetation which onco flourished in the same regions where 
we now find the fossils. But, on the contrary, the Scpoman flora, or 
flora of Patent, is in part contained in marine beds, containing 
Inoctnimts, etc., and thus it may have been transported from some 
distance. The Urgonian flora, or flora of Kome, is composed of 
ferns, cyeadophytes, and conifers, wliilc the Cenomanian nr Atone 
Horn, in" addition to arborescent ferns (Pidbonio) and cyeadophytes 
(.Pgaidocycas)* is particularly rich in the loaves of Dicotyledonous 
trees, among which are found those of planes, tulip trees, and bread 
fruiis, the last mentioned closely resembling those of the bread-fruit 
tree (Arfoeurpu* tJiciVs'o)* of the islands of the southern seas. 

In the limited space at my disposal 1 have had to be content w r ith 
a brief sun unary «>f the strata containing fossil floras of Paleozoic and 
Mesozoic age, But from what has been said it is clear that wo have 
evety reason to regard the flora of the Devonian, CuLhl p Jurassic, ^nd 
Cretaceous of the Arctic regions us being composed of plants which 
flourished in these very regions. There are m> proofs that the 
Triamie flora has been transported from more southern regions by 
marine currents, but there is, however, some uncertainty on tins 
point. 
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In relation to the present problems, the Tertiary (loros ore un¬ 
doubtedly the most important, and for this reason 1 will enter into 
the subject in some detail- But the materials are so wonderfully ri> h 
that I shall have to restrict myself to giving some examples indicating 
tha nature of the beds confusing the Tertiary plants m Spitsbergen., 
Iceland, and Greenland. More especially, I shall recall that they are 
found at 7G° of north latitude in Spitsbergen] on the east const of 
Greenland between 74° and 75®, and on the west coast between 09° 
and To®; at Lady Franklin Bay, in Grinnell Land (81° 42"); in 
Ellesmere Land between 77® and 78°; on the River Mackenzie ufc 05°; 
in Alaska south of GO® (and therefore outside the Polar Circle); and, 
lastly, in the islands of New Siberia (75°)* Iceland, it is true, is 
outside the Polar Circle, but nevertheless its Tertiary flora may be 
included in this consideration. 

The Tertiary formations of Spitsbergen, which have a thickness of 
perhaps 1,200 meters or thereabout, contain fossil plants and seams 
of cool, both in the upper and lower beds, though the midtile portion 
b marine. As fin example of the deposits ’with fossil plants from the 
base of tins formation the shales called the ^T&xodiuin SIl ales, 1 at 
Cape Staratschinp may lie mentioned. These are Hue-grained black 
soft shales, which form the roof of a small bod of coal. In the shales 
the leafy branches, ihe flowers, the seeds, and the ovuliferou.3 scales 
of tlio Swamp Cypress (Tazodiii;?! disiichum m-wccnum-) , the leafy 
branches of S&p&oia Xtrdtnskioldi Ur. s and Librtmdru* SaMniana 
IIr. # are particulswlv common. There ore also associated a large 
number of remains of grammes*, eyperacese* several species of pines 
an«l firs, tiPotaitutgefan, and the leaves of various dicotyledonous trees. 
Thus, ils I leer has shown t one is dealing here with frrali-wnter 
sediments, in the neighborhood of which it is evident that the 
swamp cypresses have formed forests, os in the swamps in the 
southern portion of the hinted States to-day This conclusion is also 
confirmed by the occurrence of the remains of rather numerous insects, 
among which there are n score of c olcop tends, two of which are 
hydrophilous coleoptorids (Ihjdrohlus and Laccaphilu#)* 

These beds with fossil plants, at the base of the Tertiary formations 
of Spitsbergen^ ore overlain by thick marine sediments. In their 
tipper portion the latter show indications of a retreat of the ocean 
and a recurrence of fresh-water conditions. It is possible that the 
leaves found in tho lower part of the higher horizon containing fossil 
plants have been transported from afar hy a river, and deposited near 
its. mouth, but as regards tho upper port ion deposition must have taken 
plus e in vast swamps, on which the majority of tho plants actually 
lived In these beds one notices tlnn seams of coal, a f :eut 
quantity of leafy branches, and also cones of Langsdorjll 


342 AJOTOAL REPORT SMITHSONIAN INSTITUTION, tffll. 

Brongrn, (closely allied to the redwood of California, StqamiX 
nrnnp&vktna Endl.) and tlie swamp cypress {TamS&m di$ti Aum 
miocenum). Hero and there a large horsetail (Eav^dits Norda j- 
Nath.) occurs in such abundance that one would imagine that 
it formed small forests. There are also associated rhizomes, with 
their roots and tubercles still attached, 1 may mention m passing 
chat Equindum itredema Heer, oocuts in the same manner in tho 
lower sono of the plant-bearhig beds. There is also found 2 . [treat 
abundance of Q-wnunda spd$bergmsis Nath,, and on the same horizon 
nodules of clay ironstone, entirely filled with leaves and stems of the 
latter plant, in which the tissues have been so completely mineralized 
that one can study tho microscopic structure os minutely &b in the 
living Q&nunda. One sees in the carbonaceous petrified layers 
rootlets and spores of ferns, os well as fragments of branches, etc, 
Thk might just!}*' he called a mineralized peat. Among the dicoty¬ 
ledonous trees, the leaves of which occur m great quantity, one finds 
leaves of all dimensions belonging to the more common species. 
I have examples, among others, of tho leaves of tfirmpkytlum 
a^f^rnmum Nath., varying from 1-17 cm. in length. All the obser¬ 
vations indicate that we have bore a deposit for mod by tho delta 
of a stream posting through a marsh on wldeh grow trees requiring 
humidity, while the remains of other plants which lived at some 
distance away have been transported, either by the wind or by water, 
and become mingled with those of the mardi, 

Tho bod* of this horizon, discovered at Cape Lydl, are remarkable 
for tho enormous quantity of leafy branches of Sequoia Lamjsdorji 1 , 
leaves of fJrwia crenata Hr. and of dr^ardiciim Hr., the fruits of 
the last mentioned also occurring. A had full of rootlets was also 
met with, showing that the plants flourished on the spot where they 
are now found. Among the marsh plants on AUstml occur*. Among 
the dicotyledonous trees of thb horizon are ^poplars (Popttiw), wil¬ 
lows {Safi* 1, aiders Cdtfmtt), birches (Behrfa), hornbeam* (thrpiiMM), 
hazels (CbrjjJw), beeches (Fag us) t oaks (Quercus), elms ( Ulmtis), 
planes (Platanus), magnolias {Magnolia), limes {TUia), and maples 
(Acrr), etc. Wo can thus show' that during the Tertiary period 
nil these plants have flourished at 7S* or 70° of latitude. In 
GiinnciJ I^tnd wo find, even at nearly 82°, the swamp cypresses, tho 
spruces, pines, firs, poplars, birches, elms, limes, etc. 

In Iceland the Tertiary flora may bo studied in the volcanic tuffs or 
in the alluvium formed from them, and ut Brj&mslaokur, for instance, 
in a deposit which may be compared with a laminated peat. Thus, 
us Heer had suggested, and Thoroddsen has proved, wo here meet with 
formations laid down above sea level, which are- overlain by thick 
b usalUc bods, A glance at the specimens from Brj bmskekur serves to 
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show that vfl have hare to dad with fresh-water deposits. If. Ostrup’a 1 
microscopic anamination of the diatoms, found in the same beds as 
the fossil plants, confirms this contluaion, for they ore freah-weter 
species. 

Among the beds furnishing Tertiary plants, so abundant in Green¬ 
land, I Villi only mention those of Huron (Ham Island }j near 
Wirignttct. Ifcre the plants occur cither in a true basaltic tuff, or 
in an altered tufa or a sediment formed from it, which is overlain 
with basalts. 

Tho investigation of two beds, which I made in 1S&3, h m proved 
tliat they can not he other than formations hud down above sea level. 
In one of these deposits the fossil flora consisted almost exclusively of 
leaves of the maple (Acfr\ crowded like those which cover the ground 
in autumn, and among three leaves large samaras, like thoau of 
A. otopteryx Gp. r occur. In another bed the tuff was formed of 
cinders and am all lapilli, and the way in which the vegetable 
fragments were inbeddod leads one to suppose that the branches, 
loaves, and fruits of tho trees were broken off by a shower of cinders 
and lapilli. A medley of silkified branches of different sizes occurs, 
and among them are the cones of the spruce, the nuts of Lhe walnut 
iJuglans)) and the Mckory (Garyc t), with the leaves of Ginkgo etc. 
In the finer tuffs we likewise find the leaves of the walnut, the leaves 
and fruits of an ash (Fmnnm macrophylla Hr.)* and the leaves of 
species common in tho Tertiary flora of Greenland, such as the plane, 
oak, chestnut, beech, etc. 

Tho presence of the leaves of P&iamogrftw, associated wills, a fresh¬ 
water mue&d ( Uuio ) 7 indicates that tho deposits were of fresh-water 
origin. Soma of tho branches of the trees are siliclfied and exhibit, 
under the microscope, an extremely well-preserved structure. Dr. 
J. Schuster, who has undertaken a preliminary examination of these 
remains j concludes that they nil belong to one species, which was 
probably either an arborescent member of the legttminoseiE or of the 
rpsaceic. It is clear that we have here to deal with fragments of 
vegetation broken off by a shower of ashes and entombed in them, 
though some fragments may have been transported into a fresh-water 
basin containing mussels and aquatic plants. 

The Tertiary plants discovered by the Norwegian espechLion to 
Ellesmere Land deserve special mention on account of their state of 
preservation. They ctmakL almost entirely of branches of Sequma 
Lang$dwrfii, contained in ft bituminous laminated clay, from which 
I have Wen able to remove them by a process of waahingp with 
the result that they are now isolated like dried specimens in a 
herbarium; 


1 E. 61trap, *'Diatomifctw I uozii 1»Uii4jIu! gtutuliiUHllaf," pt. 1; XK&i. Da Dmnb Goal. Varcaiof, 
Jifc it CtffMMpa, Utt. Pt.3 r n»M.,:>e,^liOJ. 





344 ANNUAL REPORT SMITHSONIAN INSTITUTION, 10IL 


C mult now bring to a dose my review of the ancient plant-bealing 
beds of *ho Arctic regions. We- may conclude that in the greater 
number of cases it is evident that the plants really grow in the 
regiuiis in question. Although wc know of fossil plunU in some 
marine deposits, os* for instance, in the Senonion of Greenland and 
perhaps also in the Trias of Spitsbergen, these are exceptions which 
lack importance, since ether deposits uf a closely corresponding age 
am of frcsh-walor origin. While it may be admitted that even in 
Spitsbergen part of the Tertiary flora may have been transported 
from n more or le^s distant country by a river, yet other deposits on 
approximately the same horizon indicate that the greater number of 
the species, and among them the most important types, have netually 
flourished in the region itself, 

Taking into account the facts which 1 have enumerated, it is evi¬ 
dent that rise fossil floras of the Arctic should bo still regarded us the 
faundu1iu.ii of every discussion of tko funner climates of that region. 
How are those favorable climates to be explained? That is a ques¬ 
tion to which we are nut able to reply at the present moment and of 
which the solution belojigs to tlie future. 


RECENT ADVANCES IN OUR KNOWLEDGE OF TflE PRO¬ 
DUCTION OF LIGHT BY LIVING ORGANISMS. 


By F. Alex, McDermott, iVcuAinfltotfH D. C t . 


INTRODUCTION. 

Tito original paper (*V upon which the following is based was rend 
under tilt; tide “The Chemistry of BiophobogHireia/’ before die Chem¬ 
ical Society of Washington^ D. C. t on October 13* 191Q| mid subse¬ 
quently published in die Scientific American Supplement, No. 1842. 
In revising this paper fur publication here it has been found that so 
much new work of import once baa been published or has come to the 
author's attention in the interim, that it has been decided to recon¬ 
struct the paper dong the line in die a led by the above title, taking up 
the more significant recent work, and adding a few heretofore un¬ 
published observations of the author. 

The term “Bli>photograesis p ' 1 in its complete sen&ti of the produc¬ 
tion of light by living organiama, c -overs a group of phenomena accom¬ 
panying die vital processes in u wide range of animal and vegetable 
forms. The fireflies (Lampyridffi) ore to most of ns the commonest 
and must briliiant of these forms, and the following will therefore have 
special reference to these insects. 

An excellent monograph (*) of tho subject of the emission of 
light by living forms, including an extensive bibliography of the 
important papers and a general review of the literature, l\m appeared 
under the title “Die Produktiun von Licht/ 1 by Prof, E* Mangold, m 
tho second half of the third volume of Winterstein's Handbuch der 
vergleiehende Physiologic. The whole literature of the subject is 
very extensive, although much of the older work h without signifi¬ 
cance to-day- A considerable number of scientific men, inrlmuiig 
workers in the fields of chemistry, physiology, biology h entomology, 
and physics, are working on the problems presented by tho phenomena 
of luminous organisms, and important developments in our knowl¬ 
edge of this subject arc to be expected. 


: NTymbwn nkt to lliersicirti n'Avttra m iho end vf puptf. 
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For the sake- of convenience the subject will be euiiiiJered in the 
folio wing sections in this paper: 

1* Physical properties of physiologic light. 

2. The chemistry of the photogenic process* 

3* The effect of chemical reagents, etc., on the luminous tissue. 

4, The photogenic organs, 

5. Fluorescent substances in luminous insects* 

0* Biologic relations of the phenomena. 

i. PHYSICAL PROPERTIES OF PHYSIOLOGIC LIGHT. 

It is an interesting and significant fact that the luminous radia¬ 
tions of the majority of luminescent organisms produce upon the 
human retina the sensations of yellowish green, green, or bluish 
green. That this color h the result of the actual composition of the 
emitted light and not a subjective phenomenon, baa been demon- 
titrated by a number of investigators. 

The light of one of the common fireflies of the eastern United States, 
Pko&inv# pymfisj has recently been made the subject of a very inter¬ 
esting spectrophotographic study by Drs* Ives and Coblentz, ( ,l ) at 
the Bureau of Standards. These observers found the light of this 
insect to resemble very closely the light of the Cuban cucuyo [Pi/ro- 
pJiorus noctUueus Linn .), as studied and described by the late Prof. 
S. P. Langley and Prof* F. W. Very {**) 20 years ago. Briefly, the 
spectrum of the light of Photinus pyralia consists of a structureless, 
nnsyrnmetrical band in ike red, yellow, and lower blue portions of the 
visible spectrum, with a mojrimam aL about that portion having the 
greatest illuminating effect with the minimum of actinic and thermal 
effects. It gives no hint of continuation in the infra-red or ultra- 
violet portions of spectrum. More recently, Ives (**) has shown that 
there is no infra-red radiation between 0.7G05 micron and 1.5 microns 
in the light of the firefly, nor is any ultra-violet radiation present. 
Coblentz (*) has shown that the chi tin covering the luminous cleans 
of the firefly has ei very low transmksirity for radiations of greater 
wave length than 2.5 microns; so low r in fact, that it would bo diffi¬ 
cult, in these w ave lengths, to distinguish radiations from the photo- 
, genic organ* from those due to tile ordinary animal heat. However, 
the same author {**■ *) has found that the luminous segments of the 
flrcfly do give evidence of being at a slightly higher temperature than 
the rest of the Insect's body, and that the ventral side of the luminous 
segments is at a hi g h er temperature than the dorsal. He did not 
observe an increase of temperature during light emission* 

While it seems probable that the light of most other luminous 
organisms h essentially similar to that of Photinm pymU& t slight dif¬ 
ferences may be noted even between closely related species. A few 
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marine forms, g., tho Cephalopoda and the Pennatulidsi, give lights 
of several colors. Among the Insects the only forms known definitely 
to present wide differences from this general similarity are the trop¬ 
ical species of PJitng^des as observed by Barber ( 3 ) and others, which 
possess a photogenic organ, located back of the head, that gives a dis¬ 
tinctly reddish light. No spectroscopic studies of this red fight of 
Fhengodca have been made. Coblents {***) has given speetrographic 
proof of the differences in the color of the lights of Photinm py rails 7 
P. consanguine, and Pkotaris penmylvanica, attention having been 
called to the physiologic differences by the author (**) and others, 
[KLnab ( ,, ) p Turner (■*)]* The author has recently bail an opportunity 
to examine the light of Ph^ng&I** latieoUis (female) with the pocket 
spectroscope referred to in his paper in the Canadian Entomologist, 
1910 (*■), and found it to consist, mainly of ii narrow baud In the 
yellow-green and green, with very much fainter ends stretching toward 
the red and blue; the definite ends of the band could not he marie out 
on Account of the feebleness of the light, and the predominance of 
the greenish band may, of course, be mainly duo to the greater 
retinal sensitiveness to these tones, 

Forsyth (**) has claimed that cultures of certain photobacteria give 
spectrophotographic ovidoncA of tho existence of ultra-violot rays in 
(heir emitted light. It sc&ms to the author that this observation is 
in need of confirmation, not that it is impossible, of course, but that 
it is ot variance with previous work and with present ideas of tho 
properties of physiologic light* McDermott ( rt ) failed to find evi¬ 
dence of ultra-violet radiation in tho Light from culture© of Pseudo- 
moms luzifem Molisch, and, as would bo expected, also failed to find 
any indication of appreciable radioactivity. 

It need scarcely be said that the light of tho firefly affects the pho¬ 
tographic plate; obviously spect-ro photographic studies could not 
otherwise have been made upon it. Photographs have been taken 
by means of the light of the photogenic bacteria and of the cueuyo. 
In 1S96 Muraoka («) announced that he had proved the penetra¬ 
tion of metal films by moans of the light of the firefly in a manner 
similar to that of the X-rays* Tho author km failed to find any evi¬ 
dence of the penetration of thin sheet copper, aluminum fail, or the 
black paper with which X-ray plates are wrapped by tho light of 
Ph&tinu& pymfij* It seems that under certain circumstances sub¬ 
stance© which do not actually omit penetrating radiations may affect 
tho photographic plate, and an explanation of Muraoka's results has 
been offered by Moiiarh (“*■ u ) based upon bacterial or vapor influ¬ 
ence ; but when we consider that his results wore published only a 
little while after the discovery of the X-ray It seems possible that 
Muruoku was just a little over-enthusiastic. However, Singh and 
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Iftiulik (*'•) UftTB recently published some results similar to those of 
Muraofca. 

Judged from the fact that the light produced by many eliomilumi- 
nesccnt reactions appears greenish to the human eye, it would seem 
that thoso should give spectra approximating that nf tho fin:fly [see 
HwizbzoWBki C* 4 ), Trautz (")}, hut in view of the far is that tho light 
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emitted in mo&t of these cases is very feeble and that th& human eye 
is decidedly more sensitive to tho greenish tones than to others, it may 
imply that the gmount of radiation, other than that giving tho 
sensation of gram, produced by these reactions is insufficient to causa 
tho human retina to respond. However, It is difficult to class the 
production of ligffi by living forms as other than a vital expression of 
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and tho fact {to be referred to in the next section) 
that tho liiminniH tissues may be removed from the organism ami desire 
e&£i’il mid still induced to produce light under certain dreumst cinccs?, 
confirms the view that t lin only o=sontiul dhTcrenro between tho two 
phenomena ia that biophotogenesb Lakes place in a living org&nbm 
instead of n teat tube. 

A comparison of the spectral ranges of the light from different 
organisms L of some interest, and the accompanying chart has Wen 
compiled from data from the references given, and redrawn to a 
uniform scale, the extreme left-hand end representing wave length 
O.TO/i and tho extreme right-band end wave length a few of the 

more important Fraunhofer lines are shown in tho first spectrum, and 
the sodium D lino is continued through the series by the dotted lino, 

2. THE CHEMISTRY OF TUB PHOTOGENIC PROCESS, 

Our knowledge of the chemical processes involved in hhphoto- 
genesis m rather meager. It is fairly well established that all photo¬ 
genic organisms require at least two constant chemical factors in 
addition to tho specific photogenic substance in order to exhibit 
their luminous property, viaf # the presence of oxygon and of moisture. 

Dubois's { lT * i§ ) theory assumes the oxidation of a substance of un¬ 
known composition, to which ho has given the namo ''hudfcrino, 1 
through the agency of the oxidase ^ludfereso.” Prof. Kastlo in Us 
monograph on f -Tho Oxidases and Other Oxygen-Catalysts Con¬ 
cerned in Biological Oxidations ir {**) refers to this claim of Dubois 
that tho photogenic process in organisms involves tho action of 
,4 luciferase/ 1 Prof. Kastlo's observations on this point tod him to 
believe that no oxidase was present, but that peroxidase and eatulasa 
were present; ho found that aqueous extracts of the luminous tl^ue 
of the common firefly failed to turn tincture of guaiacum blue, 
except in the presence of hydrogen peroxide, and tho bluing in tho 
presence of tho latter was accompanied by the rapid disengagement 
of oxygen, Quito recently Dubob (“) has put forth tho view that 
lu elf erase b a peroxidase, for tho reason that it can be replaced to 
some extent by hydrogen peroxide. Loew ( w ) found that the lumin¬ 
ous tbsue of tho firefly showed no greater catalase activity than 
other tissues from the same insect. Lund (“) tuis made similar 
observations on the enzymes in these insects* Until more definite 
data are at hand, it would seem that the enzyme theory requires 
some caution in acceptance, but the facts so fur as known certainly 
present some analogy to other known biologic processes of an enzy¬ 
matic nature, and it is not at all impossible that his explanation 
may bo correct, Wataa£ {**) expresses the view that in Nodihca 
milwryt and other simple luminous forms tho "phosphorescence 11 
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L associated with tho contractility of protoplasm, as ft potential 
property rif elU protoplasm, whether exhibited or not, and ho rather 
leaves tho render with tho impression that ho behoves that tho par- 
tides of food materials are actually burned in tho Irving tissues with 
tho production of an incandescent temperatum 

There has been a good deal of discussion, to and lro J ns to whether 
the chemical process^ involved in the product ion of light by the firefly 
and analogous forma are really oxidations, and evidence both for and 
against the oxidation hypothesis has been offered. At present the 
great weight of the evidence is that in all cases the fundamental 
process is 3 lti oxidation, though not necessarily the oxidation of the 
same photogenic substance. Polimanti {“) has asserted that the 
luminous [-pnv- sti Pyrot&ma dtgans can not he an oxidation, and 
gives several arguments in favor of the nonoxidative nature of the 
process, one of which is that the light has a greenish tone. In view 
of the fact that, as mentioned before, a good many chemiluminescent 
riuu- Lions known to be oxidations produce the sensation of green 
upon tho human retina, this argument certainly does not seem to be 
valid. Lund ( iZ ) Estates that while oxj'gen h a necessary factor to 
light production in the Lampyridfe, this does not prove that the 
chemical process is an oxidation a 

Jw!Ei$* *td« Bellesme (**) in lSSD stated that he believed the light to bo 
due to tho spontaneous combustion of phosphine, liberated by the 
decomposition of protoplasm, and Sir Humphry Davy (*) noted that 
Lavoisier held a similar view. The nature of the substance con¬ 
sumed in this biologic oxidation—the NodiLudn of PMpson C 57 ) the 
Lnciftrine of Du bob O 7 - H> n ) and the Phctogen of Molise h ( u ) — baa 
been variously regarded by different authors. Many seem to have 
regarded it as a fat ora far,dike substance; Fhifftom who apparently 
isolated and analyzed a culture of photogenic bacteria* concluded 
that, it contained nitrogen; Kolliker (") and Macaire f 41 ) l>eliovod it 
to be art albuminous body. Embryologiedly, it appears to be an 
extension of the fat layer in many, though not in all cases. (See 
Dahlgron and Kepner 0.) 

Of the more recent theories, Dubois P) states that the photogenic 
material of Phola* dactyhi# gives some reactions For a imcleo -albumin, 
while Poliunmti (“) regards the luminous sec ret inn of Pyro$vma 
as of a fatty nature; McDermott ( H ) is inclined to regard (he 
active substance a* a lipoid or phosphatid. 1 Golodetz ( M ) has shown 
that the blackening of fats by osmie acid k due to the presence of Lhe 
ulek (nr other unsaturated) acid radical; the present interest in this 
point is that the luminous [Issues of the Lrtmpyridte and of PJi&upodts 
hlkollU blacken intensely on exposure to osmic acid, indicating 


i || must trfl :J<| ibAl belli DuboLi fpflmliahim faHisl. to 
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generally, the presence of a reducing agent, and more particularly, 
probably of an vmsaturoted fatty-add radical. 

Lund {“) has recently brought forth some evidence tending to show 
thnt in the photogenic process in the Lampyrido?, there is nn actual 
using up of some material by oxidation, with the deposition of a 
crystal I in waste product in the tissues, Forming to so-called urate or 
reflect ing layer, and states that it appears that there is present a 
substance related to if not identical with some of the derivatives from 
nucleic acids. Ills work is also strongly in support of the oxidation 
hypothesis, or at least that the process requires the presence cf oxy¬ 
gen,, even if it he not a simple oxidation, lie suggests that the reduc¬ 
tion of ramie , acid may be duo to the presence of a *'reductase;** the 
latter, however* might still bo dependent on an unsaturnted fatty- 
acid radical for its activity. Cobleatr + (**) also notes the expenditure 
of the photogenic substance, without regeneration. 

All attempts to isolate and analyte the active substance have failed. 
When the luminous organs of the firefly are treated with alcohol or 
ether in an atmosphere of hydrogen, the liquid acquires a yellow 
color, but no light cmission occurs when it is exposed to the air or 
treated with hydrogen peroxide. Lecithin does seem to exist in the 
inject in small amount* 

Eumierling (*) lias studied the hydrolysis products of Abr/i/aca 
and finds a number of the ordinary physiologic amino acids. Lau- 
ke^ter (“J remarks that the products of metabolism in Xoctiluca 
are albuminoid and fatty granules. 

The interest big fact that the photogenic tissue of luminous life 
forms preserves alter desiccation the power to evolve light on the 
application of water in the presence of air or oxygen, hns long been 
know n, and it at once suggests other known instances of the preserva¬ 
tion of biologic activity by drying, as exemplified by the yeasts and 
ferments. By drying the photogenic tissue of Ph&tinm pyrolia over 
sulphuric acid in hydrogen or a hydrogen vacuum, dry material has 
been prepared which haa retained its photogenic activity apparently 
without loss w hen kept in sealed tubes for over 18 months. Indeed, 
there seems to he no good reason why, under these circumstances, it 
should deteriorate* In its conduct toward various chemical sub¬ 
stances, the dried tissue, after moistening, does not differ e^cnimlly 
from the lire insect or the freshly detached luminous organ. It glows 
ou moistening in the nir r somewhat brighter on moistening in oxygen* 
and but dimly or not at all when moistened in nitrogen, hydrogen, 
and carbon dioxide* Moistened with 3 per cent hydrogen peroxide 
instead of water, the dried tissue produces a much brighter light than 
with water alone, accompanied by the decomposition of the peroxide, 

Lund ( l2 ) also calls attention to the effect of hydrogen peroxide on 
the fresh tissue* 
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McDermott {“) has recently recorded the result.* uf some experi- 
meiHij with liquid air. which show that exposure of the photogenic 
tissue, fresh or desiccated, to this temperature, and grinding while so 
exposed does not in tho least affect the ability of the substance to 
produce light upon restoration to tho normal temperature. Mncfad- 
ycn {**) found that, while exposure of the luminous bacteria to the 
temperature of liquid air did not inhibit their ability to produce 
growth and light upon return to the normal conditions, trituration 
at this temperature permanently destroyed the photogenirity, It 
would appear, then, that there is some essential difference between 
tho microorganism and the insect in this regard. 

The photogenic bacteria present many interesting problems; their 
ability to grow and luminesce in a medium consisting only of a solu¬ 
tion of 3 per cent of sodium chloride and 1 per cent of aspnrngin in 
water; the dependence of the marine species on the presence of certain 
mineral salts, and these in certain concentrations, and upon the pres¬ 
ence of oxygen, for light production; Hie pathogenic and symbiotic 
relations existing between some aperies of these photobacteria and 
some higher organisms are all matters of great interest. McDer¬ 
mott (") made some experiments with the view of determining any 
chemical resemblances that might exist between these bacteria and 
the fireflies. Tho work was on the whole inconclusive, but indicated 
that if proper conditions could be arranged liquid cultures of the 
bacteria might be dried and afterwards caused to produce light on 
moistening. Hdisch <“») found that tho 11 ticker layers of growth of 
phutohneteria on solid media could be dried and would exhibit their 
photogenic activity on moistening. 

The well-known work of Eadaszewski {“) has already been referred 
to, and aUo the more recent researches of Trautz f* 1 ). DdOpine (») 
lias experimented with a largo scries of thiocarbonic esters and 
rehui'd bodies, which appear to be J ‘ phosphorescent" as the result of 
uxiduiioti, a phenomenon to winch this writer has given the name 
" Oxylummesccnce " Hernandez and Cardan p*) have questioned 
Dclepuies view of the nature of the '‘phosphorescence" in these 
cilsc^ and rrfer it to a form of tribaliimincsccnce. In at\y went, 
work along ibis line has some bearing on the problems of biopliohv 
genesis, and it seems not too much to expect that it may develop that 
In organic chemistiy there will he found to be "photophnre" or 
" photogen" groupings, just as we now have riiromophnre and fluoro- 
pbore groupings, fluorogens. etc, 

Various observers have found the urates and phosphates of ummo- 
idum. sodium, potassium, and calcium in the luminous tissue and its 
aril. Dubois at one time seems to have rejected the oxidation theory 
and to have believed that the light was due to the spontaneous 
crystal]mutton of ammonium urate {trystolio luminescence). 
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Guanine appears to have been found in the reflecting layers of tlio 
photogenic orga m of some marine forms. imd Lund (^3 states that 
tlie dorsal layer in the firefly's organ gives ike test for guanine under 
bo me conditions. 

In summary it may bo said that the biophotogenit; process is prob¬ 
ably an oxidation in nil cases, and that the substances whose oxidation 
produces light is a complex product of cell metabolism containing 
both fatty and albuminous radicals, and probably differing in com* 
puaition in each type of organism. The mechanism of the process 
may vary—the oxidation may be direct or indirect—according to the 
type of photogenic organ and the particular species of organism iu 
point. 

Light is a for ui of energy, just as are heat, electricity and chemical 
affinity* Wa know that in many chemical reactions a great deal of 
the energy of chemical affinity is transformed, probably directly t into 
heat, and sometimes some of it appears ns electricity. If sufficient 
beat is generated, a portion of the original chemical energy may ho 
transformed into light indirectly through the agency of the heat, the 
phenomenon being known as incandescence. But there appears to 
be no good reason why some of the chemical energy might not appear 
directly as light if the conditions are favorable, and indeed it is quite 
evident that such is sometimes the case, unless we adopt the view of 
tbo ^combustion of food particles in the tissues, 11 referred to Watosfi 
a little 'while ago. Fur instance p the Light-producing reaction 
between hydrogen peroxide and an alkaline solution containing 
pyrogallol and formaldehyde, generates considerable beat, enough to 
make the container uncomfortable to hold in the hand, yet nothing 
approaching that requited for incandesce nee, and it is certainly incon¬ 
ceivable that there could be particles boated to incandescence by 
chemical action in a solution. It seems possible, however, that in the 
lecture experiment described by ScLwersenski and Caro (**), in winch 
iL appears that alcohol b oxidized by ozone in the presence of the 
powerful dehydrating agent sulphuric acid, there may actually bo 
small explosions, with incandescent temperatures, in the liquid, though 
il is not impossible that the flashes of light observed result from the 
direct transformation of chemical into radiant energy* If, in the 
pyrogallio acid reaction, solid sodium peroxide he used instead of 
alkaline hydrogen peroxide, a flame maybe produced, but the charac¬ 
teristic light in the solution is produced at the same time, and it 
seems probable that the flame is due to the combustion of the vapor 
of formaldehyde (driven off by the heat of tho reaction) in the oxygm- 
rich atmosphere produced by tho evolution of oxygen during the 
solution of the sodium peroxide. It is of some interest in connection 
with Hadrisaowski'a work, that in both this reaction and that of 
Schwersenski and Caro tho active substance may be an aldehyde* 

ton—23 
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i. THE EFFECT OF CHEMICAL REAGENTS, ETC., ON THE LUMINOUS 

tissue, 

■ 

During the summer of 3 D09 tlic writer was associated with Prof. 
Joseph H, Kastlc in n study of the effect of various chemical reagents 
on tlio luminous tissue of Plotinus p‘jralis .( M ) Prof. KosLhi and 
the writer tried the effect of a large number of chemical substances 
upon the live insect, the freshly detached luminous organ, and the 
luminous tissue which had been dried in hydrogen, and some of these 
results seem worthy of special attention. Taking first the live 
insect: Injections of solutions of the metallic nitrates, of strychnin, 
and of adrenalin caused the emission of light. Immersion of the 
insect in methyl and ethyl alcohols, In ether and in chloroform, 
resulted in the production of light. Immersion in pure oxygen 
appeared to stimulate the photogenic function somewhat, but not 
as much as might have been expected, Immersion in nitrous oxidu 
caused a considerable increase in the intensity of the light. In 
the cases of injection find immersion in liquids, the reagents kill the 
insect, but not until they have caused light emission. Nitrous 
oxide narcotizes the insect, but in the air it recovers again. Hydro¬ 
cyanic acid and cyanogen kill the insect, of course, but not until they 
have caused the emission of light. Tho luminous organ of one of 
tlte local species of inm pyrUlcc inis been observed to glow in the 
mixture of air and prussic acid in the cyanide kifiingbottle for over an 
hour, long after the actual death of the insect. Ammonia water 
causes the evolution of light cither by injection or immersion; 
Wataif is authority for the statement that if a tissue suspected of 
being luminous refuses to give light with any other stimulus, it will, 
if a true photogenic tissue, glow on moistening with dilute ammonia 
water. The injection of 3 per cent hydrogen jieroxjdc solution also 
caused the evolution of light. Lund (") lias also studied the effect 
of HA 011 the tissue, 

With the freshly detached luminous segments, the most notable 
results Wfw obtained with the vapors of methyl and ethyl alcohols. 
Carbon tetrachloride and bisulphide, and mono nitrobenzene acting in 
the presence of air. All of these reagents caused light emission and 
the light given out was not the continuous faint glow frequently the 
result of weak chemical stimuli, but was accompanied by u series of 
distinct flashes or pulsations of light similar to tho nonmil flushes 
of the insect. With tho detached organ, the effect of powerful 
poisons was in almost every instance to produce the evolution of 
light, sometimes faint and of short duration, but definite. As 
examples of poisons acting thus may he cited hydrofluoric acid, iodine 
cyanide, and bromhn*. 
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Thus far one substance alone has conducted itself ns a positive 
inhibitor of the photogenic function. This ia sulphur dioxide. 
Camulori observed this fact with the Ludola Ualim over 100 
years ago, and Dubois has made a similar observation with regard to 
the cucuyo. The live insect, the freshly detached luminous organ, 
and the dried tissue, placed in this gas, all fail to glow, or glow but 
weEikly and momentarily, and arc dead to all other stimuli when 
removed from it. As a rule even those substances which lend to 
poison the luminous tissue caused tho evolution of a dim light at 
first, but not so with sulphur dioxide in the majority of eases in which 
we used it. It has since been found by McDermott (") that liquid 
sulphur dioxide and liquid lunmonm both destroy the photogenic 
power of the dried tissue. 

Mechanical stimuli, such as friction and percussion, aud physical 
stimuli, such as electricity and heat, also cause the production of 
light by the luminous ergons of the firefly, whether attached to tho 
living insect or detached. The effects of variuus temperatures and of 
electric discharges of various strengths have been extensively studied 
by other observers. Lund's t 43 ] observations on the effect of heat 
on the tissues jut? very interesting and important, ns showing definite 
temperatures as the fatal points for light production, reduction of 
O.O^ etc. Transferring the detached luminous organs from one gas 
to another, even though one or both be chemically neutral, may cause 
light production, apparently due to seme osmotic effect. Currents 
of air and other gases exert an effect on these detached organs, which 
Prof. Knstle has compared to the effect of air currents on the atrych- 
ninized frog. It is obvious from these facts tlmt the luminous tissue 
is otic of great irritability. 

Some of these results indicate that the effect of reagents is exerted 
on tile nervous system rather than directly on the luminous tissue, 
and tins probably accounts for some of the irregular and conflicting 
results obtained by those who have experimented in this field. 

The significant fact that osmic acid is reduced by the luminous 
tissue has already been referred to. It has been observed that 
fixing fluids containing this oxide increase the intensity of the light 
of fresh luminum organs placed in it, but whether lids k due to direct 
oxidation by the osmic and chromic adds present, or to irritation 
of the nervous system produced by them, can not be said. 

The writer has observed that liquid luminous cultures of F$#&- 
dorritmaz 2 udfera arc extinguished and killed by the addition of solutions 
of hydrogen peroxide and sodium perborate, and of mononitrobeiueue, 
but that the effect of adding solutions of potassium perc] derate was, 
il anything, to increase the intensity of the light, and the culture was 
not killed in two days. 
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4. THE PHOTOGENIC OEGANS- 

The luminous Apparatus of tho male of Photinm 'pyralis —the more 
commonly seen of tho sexes—occupies tho entire ventral surfaces of 
the two abdominal segments nest to the lost, and a portion of tho 
preceding segment. That of the female is a small rectangular area on 
the third abdominal segment from the last; hoik sexes have also two 
very small points of luminous tissue on the last abdominal segment. 
In general the luminous apparatus of other Lam pvrid® is confined to 
a similar location on the body, though some species of Phausis and 
Phengodes show a wider distribution of the organs. 

Tho luminous organ of Photinm pyrvlis, in common with those of 
the other Lampyrida which have been studied, consists of two layers 
of rolls, under the outer transparent chi tin. These layers of cells ore 
penetrated by numberless trachea?, the ends of which are connected 
by a network of very One tmoheolcs, the whole system resembling the 
finer veining of a leaf, Onthoinner surface of tho organ these trachea 
unite to form larger passages, which unite near the spiracle with the 
breathing tmehew. It is practically certain that during the life of 
tho insect these troche® are filled with air. Of the two cell layers, the 
outer consists of a moss of some special type of nucleated cell, of 
unknown nature, penetrated by the aerophore cylinders, while the 
inner layer is composed mainly of urates, and probably serves as a 
sort of reflector* 

Several studies of the structures in different species of L&mpyridse 
have been made, which agree with each other in a general way. 
McDermott and Crane ( 6| ) have shown that tho structures in Plotinus 
pyralis, P. eonsanguineus, and Phaturis petinsylmnicn are quite 
similar, and agree very well with those described by Townsend (“) for 
Plotinus niargineUus. The organs of Photuris presented some slight 
differences from those of the other species, Lund (*>) has recently 
examined the photogenic tissues in a number of Lampyrids, end 
come to very similar conditions. 

Bongurdt CJ has studied the photogenic organs of Phavws (Lam- 
pyris) splendiduta, Lamptjris noclihiea , and Plosphatnus hemiptems, 
three European Lampyrids, and Apparently failed to find anastomosis 
of the trachcoles. However, the author has recently examined some 
sections of tho luminous tissue of Lampyris noelituca (female), mid 
had little difficulty in seeing the trecheidar anastomosis; tho struc¬ 
tures differed somewhat from the American Lumpy rid sc, tho distribu¬ 
tion of the tracheal brandies being less regular, and tho “cylinders" 
(as in Phottiris also) less sharply defined than in Photinm. He has 
also examined the tissues of Photinm scintithins and Lt con tea hici/era 
and found them to bo'practically identical with those in the insects 
previously studied. 
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Tho luRilnous o^&ds rf Ph^R§odcs luti€oUis (female) present a 
different structure. The photogenic tissue does not show the definite 
iind more or lass regular boundaries seen in tho other species studied, 
but seems to be simply small masses of tissue, without regular margins; 
the urate layer, moreover, appears to he entirely absent. As com¬ 
pared with the tissues of the Lampyrid* above described, the indi¬ 
vidual cells are very much smaller, and the number of tree bote U 
much less. At this lime nothing can bo said regarding the arrange- 
ment and distribution of tho tracheal capillaries, except that only a 
very few have been observed and none could be traced to points of 
anastomosis. 

Among the other luminous organisms, considerable attention lies 
been directed to the fish, the sea-stare (Ophuriatis), the Annelids 
(OdontowjUU) and Achate, and to a variety or other marine forms. 
Much of tho more recent work is contained in Mangold’s monograph, 
and treated therein quite exhaustively. Briefly, many of the photo¬ 
genic organs in marine forms appear to be typically gladuhir, and of 
degrees of complexity varying from simple secreting cells to complex 
arrangements of glands, reflectors, and lenses. 

Piltter (**) lias divided biophotogcnicity into intra- and extra- 
glandular processes and into intra- and extra-cellular luminescence. 
Under this classification the process in the fire-flies, the fish investi¬ 
gated by Stccbe (<“), etc., is intra-glandular and intre-cellular. In tho 
cephalopoda and certain fish which are supposed to Bccrete a photo¬ 
genic product in one portion of the organ and then utilize it in another 
portion serving as a receptacle, the process is intra-glandular and 
ext re-cellular, wliilc in the annelids (Odontosyllids) [Galloway and 
Welch C 1 '”)], Achate [Kutschera C 5 )], the myriapods [Dubois 
Thomas (*) and others], certain j>rewns [AlcockOl and some species 
of cephalopoda [Hoyle (")], the process is ffietra-gfendular and extra¬ 
cellular. ("Intra-’"' and "extra-organic” would perhaps be better 
general words than Ultra- and extra-glandular.) 

The photogenic organs of some fish and cephalopoda show a net¬ 
work of blood vessels, corresponding roughly to the aerophore treche- 
olea of the fire-flies. Many of the organs in these forms and in certain 
crustaceans (see Mangold), show a '‘search-light" or “bull’s-eye” 
structure in which there is more or less well-defined lens, a Light- 
producing body, and a reflecting layer of approximately parabolic 

outline. * 

There is a considerable field for further investigation in this matter 
of the structure of the light-giving organs of different forms, and some 
of the work that has been done is in need of confirmation. We can 
not but wonder at the processes which during tho ages have operated 
to produce these structures in present-day organisms—how they 
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originated, and why? The phylogenetic problems ar« certainly very 
interesting, and present remarkable instance# of JJ convergence/* It 
Is hoped to collect some of these case# and develop them in a future 
paper, 

6 r FLL ORF^i’ENT SUBSTANCES IN LUMINOUS INSECTS. 

An interesting circumstance in this connection is the existence in 
certain luminous organism# of a substance whoeo solutions exhibit a 
brilliant blue fluorescence, Dubois ( |J - H ) found this substance in 
the cucuyo, anti in Lucivki itolira, and named it 4 Tyrophorine/' from 
Pyrophorii# iMKtQucus, the cntomologio name of the gucuyo* More 
recently Cob! cut a l 4 ) has found it in Phtfinw pyrttU$ t Pkotinm cor- 
rufi\m t and F'h&turix ptnnsylmnka, and the author has found it in 
Phntinus ammn$uin*u& t J\ scinlilfonS} and J^t-onUa luci/fra. It U 
alsi* present in the larva uf PAoti-nuj pijTylu f and in other lumpy rid 
larvie. Dubois ( ,J * u - w ) regarded thi^ substance m a glucosido, 
analogous to esouliu (a glucostdo which i# present in the bark of the 
horse-chest nut, mid whoso solution# possess a blue fluorescence), 
while the present author ( 4T ) concluded that it had an alkaloid ul 
nature, and not at tho time being aware that Dubois had offered the 
name n Pyropharinj0^ for the fluorescent material from the cucuYo T 
suggested the name “Luciferreccine" for the substance from the 
Lampyridao* Neither view a# to its chemical nature is at all defmile, 
however, and more work will be necessary to elucidate this point. 

Fluorescent extracts of the pyralis are produced by extraction with 
alcohol, ether and water, but not by chloroform, benzene, or carbon 
tetrachloride. The fluorescent material is not precipitated by lead 
acetate,, mercuric chloride, ammonium sulphate, nor chlorplatinic 
acid. It appears to be a solid at ordinary temperatures, though as 
emitted by the inject it is contained in u sticky exudation, which 
soon hardens iu the air, 

Ludfcrcsceine dissolves readily hi liquid ammonia, the solution 
presenting the blue fluorescence characteristic of aqueous and idoo- 
holio solulions, llie solution itself being very pale yellow, 

Dubois semis to have regarded thb substance as of use to the 
bisect in trim storming useless into visible m dim inn, and thus improv¬ 
ing the quality or intensity of the emit ted light; and he states that on 
this theory ho first advanced tho idea of the use of fluorescent rnato 
rials with artificial iJiummanls to improve the quality of tho light, 
as is now done in the use of rhodamine with tho mercury vapor arc. 
Two things, however, stand in tho way of the acceptance of the view 
that tho fluorescent property of ihk substance is of use to the insect; 
first, tho internal juices of the insects (at least of PAoHm/jt pymlis} 
are slightly but distinctly acid, and it has been found that even a 
weak neid reaction destroys the fluorescence; second, Ives and Co- 
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blent z (ante) photographed the sipwlnim of the fluorescent light from 
solutions of lucUorescdn© and of the emitted liglit of tlie fire-fly 
itself, and showed that the spectra are almost complementitn- r and 
that the fluorescent spectrum does not appear on the plates of the 
emitted light of the insect, although these plates were sensitive to 
tho wave-lengtUs c mbraced in t he flueroseent sport rum. In any event 
the intensity of the fluorescence of the material in a single insect would 
bo too alight to have any appreciable effect in modifying the color of 
the emitted light. (See Coolant* (“)). In facL it seems probable 
from the work of Tappeiner and Imllbaucr (**) that if the substance 
should actually fluoresce in the bodies of the insects, it would kill 
them. Pigments and other substances showing fluorescence are not 
liner nuunn in animals 5 blubel (**) has claimed that all animal 
tissues exhibit fluorescence when exposed to ultraviolet light, while 
Arndt (private communication) states that he hus observed the 
presence in most insects of substances which are fluorescent under 
the influence of the X-rays. 

Personally, the writer is inclined to regard the fluorescence simply 
as an incidental property dependent on the structure of some com¬ 
pound frequently met with in insects of this nature, much as Jordan 
(**) regards the fluorescent pigment of SaaHugjuorescrn .s; liquefacu:n*. 

Dr. Coblent z finds that these fluorescent extracts exert a strong+ 
rotation on polarized light. 

5. BIOLOGIC RELATION'S OF THE PHENOMENA. 

There has been a good deni of discussion sis to the signilieonce of 
the photogenic functions for the forms possessing it. There are 
four recent papers of considerable importance in this connection. 

Galloway ( n ) [Galloway mid Welch (")] lias observed iho use of 
"phosphorescence’' as a mating adaptation in an Odonfcosyllid, Od<mto- 
gtjUia Enopla Terrill, this apparently being the first instance in which 
the relation between this function and the reproductive life of the 
organism has been definitely established. McDermott ( 4| ) has con¬ 
firmed tho old and frequently over-looked observation of Osteu- 
Saekcti (“) that the photogenic function plays an important part in 
the mating of PAotinv# pijralia, and has extended the observation to 
a few other species of Lampyridae. MasL i. 4,1 *) has confirmed this 
result as applied to Plotinus ardtns, and brought out the bearing of 
tho phenomenon on tho problems of phototaxis and orientation. 
Lund ( n < w ) has made observations on Odontosylfids. Lnmpyridx, 
and Elute rids, which tend to support the observations recorded in 
tho above-mentioned papers. An extended study of the relation of 
tho photogenic function to the reproductive life of a large number of 
species of Lampyridae of different genera would be of great interest, 
especially as the females of a great many of the species of this family 
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are unknownj while in some other instances, the female* alone are 
known. A number of observations of the relations between size of 
eyes, length and complexity of antennae, and the development of 
the photogenk function in the sexes have boon made, the extreme 
of which appears to bo reached in forms like Flungodts htiwoIMs, 
where the male U winged! has very huge oycSj large, plumose 
antennae and is non-Iuminous, while the female is intensely luminous 
from a Urge number of photogenic organs, is entirely apterous, has 
very small eyes, and only rudimentary antennae. 

The reported luminosity of midges (Chirmvmus) has long been a 
matter of curiosity and speculation. It has at last been proven by 
Issatschcnko C 1 *)— as was previously suspected—that the light emis¬ 
sion in these insects is due to bacterial infection, apparently patho¬ 
genic. This s Smugly recalls (Bard's observation (“} of tho pa tho 
genie relation of a species of photogenic microorganism to TaUtrus. 
It may also have a confirmatory value toward tho explanation offered 
bv Distant C 19 ) of the alleged luminosity of Fulgora. In view of the 
known propensity of owk to hide during tho day in hollow trees, 
and the frequent infection of such trees by photogenic mold*, etc,, it 
seems Shat a similar explanation might be advanced for the occasion aI 
instances! in which these birds, have been reported to bo luminous* 
such as those cited by Dobbs and Moffatt (“} r and Purdy ( m ). 

A number of observers have, at various times, reported tho lumi¬ 
nosity of various species of earth-worms. Walter (**) attributes this 
property to the secretion of certain glands in the skb of the worm, 
which is of interest when considered with the studies of Galloway 
(*s, ») on the related marine Gdontosyllids, and those of Kutachera 
( m ) onAcholoe; in this hitter instance the luminosity appears to have 
a defensive function. 

So far as marine forms in general are concerned, the photogenic 
function appears to have a variety of uses, its Hignrfieanee to a given 
organism depending on the method of life of the species. Alcoek (*) 
brings out this variation in the use of the function in marine organ- 
istus very well. Nutting ( M ) has also had a very interesting paper 
on this phase of tho subject. With the increasing knowledge of Lhe 
existence of light-giving structures in numbers of species of fish, 
cephalopoda erustaneoana, and many lower forms, tho views m to 
the use of such organs to their possessore are gradually broadening, 
and the conception of the coiulitians of life in the depths of the sea 
becoming more and more definite and interesting. 

Several studies of tho structure and development of the luminous 
organs in various fisli have been made, perhaps the most interesting 
md complete of which are those of Greene (**} and Gfctti (* 0 ; neither 
of these papem can be conveniently quoted here, but both arc 
important. 
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It seems to the author that the question of the relation of the 
photogenic function to die lives of the creatures possessing it has 
not had the attention it deserves. Reliable and definite observations 
are scattered, and some times conflicting, and there ia much ground 
that has not been covered that would form an inviting field for some 
extremely interesting biologic studies. 

Moore (•**) has made the interesting observation that certain 
luminous marine organisms show a diurnal periodicity of light- 
emission, even when kept in complete darkness for several days; 
tbU periodicity shows itself by the appearance of Light at approxi¬ 
mately the name time in the evening and its cessation at about dawn, 
even though the creatures are kept away from light during the whole 
time of observation* 

CONCLUSION. 

We can not say now what possibilities lie before us in the discovery 
of the "secret of the firefly,” particularly as to the kind of "oil” he 
uses in his little lamp. Perhaps it will be discovered and turned to 
practical account. The emitted light of the firefly is far from being 
a good light for general illumination, in spite of its high luminous 
efficiency, on account of the very limited range of color effects pos¬ 
sible under it. A single firefly has been variously estimated to give 
from V* (Coblontz, 4 *) to n ,Vr (Langley and Very") of a candle power, 
so we would need quite a high '*firefly power” to light our homes 
and a treats by biophotogenic light. There are still many gaps in our 
knowledge of this interesting subject, in spite of the large amount of 
work llmt has already been done, but one by one we hope to close 
these up and discover the secret of the cheapest form of light. 
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ORGANIC EVOLUTION: DARWINIAN AND DE VRIESIAS. 


By N. C. BiACNAMAKA^ F. ft. 0, 8. p 

JWJfflff 0/ iJk J%af &/ Kurgcfmi rtf Entjfoitit, and oho of ihr Rotf&l Oatk$£ of 

iS’jjf^rdM of lnrlimd; FtGow of (hr f'd ?-nj tfrl Unirmitg. 


The term “ organic evolution “ implies that existing organisms are 
children of the past and the parents of the future. As biologists we 
hold that this order of things is the result of natural processes of growth 
and change working throughout past ages; in fact, that existing 
plants and uni souls are l ho lineul descendants of ancestors on the 
whole somewhat simpler in organization, anti Lhat these are derived 
fronj still simpler forms, and so backward to pre-Cambrian geo¬ 
logical periods, when we have reason to believe that living organic 
matter first came into existence on the earth. Of one tiling we may 
be sure, which is that evolution, according to the above definition, 
tic pends on the fact that tho living substance which constitutes the 
essential part of organisms on the one hand is capable of passing 
its form and functions on to its descendants, and on the other hand 
possesses an organic changcfulness which we call variability. 1 

Organic evolution implies a definite structural arrangement and 
combination of an aggregate of elements into a form which constitutes 
a unit or cell; one or it may bo a mass of these units form the body 
of su organism. This form of matter is known as protoplasm or the 
basis-iu 11st unco of life, because the complete aeries of phenomena 
which collectively we call life are manifested through the instru¬ 
mentality of this kind or matter. 1 

The protoplasm of living colls, among its other constituents, inva¬ 
riably contains a chemical compound known as protein, a wonder¬ 
fully complex substance. For instance, the protein which exists in our 
red blood cells is said to be composed of molecules having a chemical 
formula of C m !!„, Nj M FcQ lf », whereas tho formula of water is 11,0. 
Arid just as the peculiar properties of water are given to it by the 
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properties of Lho hydrogen and the oxygen which combine to form it, 
eo the marvelous properties of protein are due to the assemblage of 
the properties of the carbon, hydrogen, and other elements which 
enter into its composition. The molecules of protein, in some at 
present unknown way, are built up so os to form the still more 
complex body, living protoplasm. * 1 

The fundamental principle we have to bear in mind is that living 
protein, without alteration in its chemical composition, is capable of 
existing in a multitude of forms. As Prof. H . B. Hardy states, all 
protcids ore not the same proteids; there are proteids of men, others 
of beasts, others of fishes, and .others of birds. The properties of a 
complex substance like protein are defined not so much by the kind 
of atoms or number of elements of which it is built up, os by the 
structural arrangement and the motion of those atoms in space. 1 
He gives as an example the molecules of two chemical substances, 
benaemlrile and phenylisocyaiude, each of these being composed of 
seven atoms of carbon, five of hydrogen, amt one of nitrogen, There 
is a small difference in the arrangement of these atoms; this differ* 
ence so alters the properties of the two substances that one is a harm¬ 
less fluid with an aromatic smell; the other an offensive poison. It 
jg evident from the complex nature of the elements of e proteid that 
its molecules must be of far larger dimensions than the molecules of 
inorganic substances; but the larger the size the greater the proba¬ 
bility of variation of its elements in detail by the action upon them of 
various forms of energy. As wo have elsewhere stated, it is, wo hold, 
in consequence of the unique structural arrangement and motion of 
the elements which constitute protoplasm, that it acts as a trans¬ 
former of chemical and other kinds of energy into phenomena char¬ 
acteristic of living matter.* 

The majority of persons who have studied the subject are of opinion 
that organic evolution is a natural process, the existing orders of ani¬ 
mals and plants having been progressively developed out nf specially 
a. In I itod protoplasmic elements. Never theless, a considerable num¬ 
ber of educated people have misgivings on this subject, for they fail 
to comprehend how, if the various classes of animals have been gradu¬ 
ally evolved out of n common form of organic matter, it comes to 
pass that some of them should possess a nervous system, through 
means of which they have gained the power of guiding their actions 
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by intelligent thought, while other classes of beings, derived from the 
seine forms of matter, have foiled to develop these puwars, their 
movements being governed by automatic and reflex processes. In 
attempting to give a reason for this state of affairs, we assume that 
at a certain stage of our earth's formation mi aggregation of elements 
came into existence such as that to which we have above referred.i 
Our object is, if possible, to ascertain under what conditions and 
demo ns trat able properties, this organic matter has developed into 
the orders of animals and plants nuw living in the w'orld. 

In attempting to master the complex mass of phenomena which 
are involved in the solution of a problem of this kind, there is only 
one rational course to pursue in order to get n view of its cause; we 
must invent an hypothesis —that is, we must place before ourselves 
some more or less likely supposition respecting the cause; and, 
having framed our hypothesis, we must endeavor, on the one hand, 
to prove that the supposed cause exists in nature, that it is com¬ 
petent to account for the phenomena, and that no other known 
cause is competent to account for them* 

Vnrious hypotheses have from time to time been promulgated to 
account for the natural evolution of animals and plants. Of three 
theories two at present occupy' the serious attention of biologists. 
The one known as Darwin's hypothesis, or natural selection, ns.sumre 
ihe progressive evolution of the simpler into more complex orders 
of beings. The other is Do Vries's hypothesis of mutation, which 
assumes that new species of animals and plants have suddenly been 
produced from preexisting fully formed beings. 1 

We may best appreciate Darwin’s hypothesis by referring to ills 
own remarks on lire subject. Ho stales that in his opinion ‘'animals 
have descended from at most only four or five progenitors, and plants 
from an equal or lesser number. This would lead us ono step further, 
namely, to the belief that all animals and plants have descended 
from some one prototype," ‘ We may suppose that the primeval 
prototype began by producing beings like itself, or so slightly affected 
},y 1?x t er!1S il jnffueiu.es ns at first to be scarcely distinguishable from 
their parent. When the progeny multiplied and diverged, they came 
more and more under the influence of “natural selection,” and thus 
through countless generations under lIm operation of this law human 
beings were finally developed, 

Darwin refers to the multitude of the individuals of every species, 
which from one or another cause perish either before or soon after 
attaining maturity. He states that in consequence of tlio struggle 
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for existence, any vamtion however slight, and from whatever cause 
proceeding, if it be in any degree profifcabkqto an individual of any 
species in its infinitely romp]ex relation to olhor beings, and to its 
environment, will lend to protect that individual and will generally 
be inherited by its offspring, Darwin calls the principle by which 
each alight useful variation of an organism was pr^crv’od, the principle 
of natural rejection, in order to emphasize its relation toman's power 
of selective breeding. For it is wdl know'll that by careful selection 
of the stock* * wo ran adapt organic beings to our own use through 
the accumulation of slight blit useful variations. Natural selection, 
however, is a jlower constantly ready for action* and is as immeas¬ 
urably superior to man's cfToru as the work of nature is to that 
of art. 3 

Darwin repeatedly insists on the fact that natural selection could 
not have been effective, unless very long periods of time were allowed 
for its complete action. It is evident that time must have been an 
all-important factor if wo are to suppose* that by the interaction of 
the inherent properties possessed by the elements of living organic 
matter* its structural arrangement became gradually modified in 
such e way* tlmt the existing classes of animals ami plants have been 
evolved out of it. For, ns the late Prof. Huxley states, natural 
selection implies not only the existence of organic matter, but also 
its tendency to transmit its properties, and its tendency ocead email y 
to vary; and lastly* given tin- conditions of existence, that these 
put. together are the cause of the present and the past conditions of 
organic nature. 

The only evidence v r c can bring to bear on the subject of the pro¬ 
gressive evolution of the animal kingdom is derived from a study of 
their fossil remains, in the various geological strata of our own, and 
other parts of the world. 1 The length of time these strata have 
taken to form is an open question* but we may be sure that our 
■ hoik rocks, for ifislimi c r consist of the shells of murine species of 
animiiils p and that these remains of once living beings must have 
taken long periods of time 10 have been deposited Inyo r upon layer at 
the bottom of the sea. Darwin slates that the fineness of gradation in 
rite shells of successive subatagtis of the chalk forma lions led him 
to maintain the gradual m against the sudden evolution of species. 
The fossil shells in llu^c rucks have been thoroughly investigated by 
Mr- A. W* Rout, who states that. Jl tho white chalk of England offers 
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an almost unique Held for observation, on account of its thickness 
(considerably over 1,000 feet), its slow, uniform, amt continuous 
deposit in a sea of moderate depth, with no closely adjacent lend, 
the abundance and wonderful state of preservation of its fossils, 
together with tho facility with which they coo bo cleared of their 
chalky covering." * 1 * , 

Among the most common chalk fossils is tho flattened, heart- 
shaped sea-urchin. These are first found in their shelled, sparsely 
omaraentod forms, from tvliich spring, as wo ascend the zone, all 
tho other species of the genus. The progression is unbroken and 
minute in the lost degree, We can connect together into continuous 
scries each minute variation and each species of gradat ion of struc¬ 
ture so insensible that not a link in the chain of evidence is wanting. 
In the other common sen-urcliin of the chalk, although evidence 
derived from tho details of structure is not equally available, that 
afforded by the gradual variation in shape as we ascend through 
tho zones of formation is convincing and complete. Equally clear 
proof of continuous evolution is provided by the study of tho belem- 
nitc Actinocoxnax. Although this genus reaches at definite zonal 
levels a sufficiently accentuated degree of variation in its intrinsic 
character to warrant, for purely straUgraphicol purposes, the use of 
trivial titles, the fact remains that these so-called species are but 
landmarks in the progressive and unbroken evolution of n single 
though somewhat plastic genus. The bearing of tills evidence upon 
the question of continuity or discontinuity in evolution is uf para¬ 
mount importance. Nowhere has evidence been collected so fully as 
in tho case of the white chalk; nowhere have such conclusive proofs 
of continuity in evolution been established, 3 

Prof. W, B. Scott, referring to the evolution of the existing species 
.if horses, states that, in the Lower Tm-ltaiy deposits of North America, 
"each one uf the different Eocene and Oligoceni; horizons has its 
characteristic genus of horses, showing a slow, steady progress in a 
definite direction, all parts of the structure participating in tho 
advance—which, it should be emphasized, tho changes are gradual 
and uninterrupted." 1 This series of fossils points to the fact that 
existing species of horses arc derived from individuals less highly 
capublo of evading enemies, and obtaining food’ that is, they point 
to progressive improvement through long periods of time in structural 
arrangement of this species of animals. 

Prof, E, B. Poulton was much impressed by the series of mammalian 
skulls from the Lower Tertiary beds of North America, arranged in 
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the American Museum of Natural History, New York* in the order of 
succession in time as determined by Iho strata from which the fusils 
liad been t aken. One series showed the most gradual and continuous 
modification in the characters of teeth, another a similarly continuous 
evolution of horns. 

Again, the well-known fossil Archaeopteryx, found in a series of 
slates in Germany, would certainly seem to constitute a link between 
groups now widely separated by divergence in evolution from the 
same ancestors. This animal is at once a feathered flying reptile 
and a primitive bird with many reptilian structures. Although 
Archaeopteryx was a primitive bird, it is in a true sense a “link” 
between reptiles and the group of modern birds; the gap between 
these typos h filled up by fossil forms like Hespcrurnis, whose remains 
are found in strata of a later date* “That these link?* are ret unique 
is proved by numerous other example* known to science, such as 
those which connect amphibia and reptiles, ancient reptiles, and 
primitive manmmb, as well a* those which come between tho diliVr- 
eui orders of certain vertebrate classes. The important dement in 
these examples of evolution is, first, their adaptation ; secondly, the 
origination of new' parts, and thirdly, the retention of the better 
invention. * 1 ** Evidence of this kind does not enable us to decide 
upon tho cause of evolution; but in the- instances referred to pro¬ 
gressive development has occurred gradually, and nut by mutation 
or sudden leap*. 1 On the other hand, they have much to do with 
the budding up of the fittest. As Darwin stales: “The tendency 
to the preservation (owing to tho severe struggle lor life to which 
all organic beings at sumo time or generation are exposed) of any 
variation in any part, which is of the slightest use or favorable to 
the life of the individual w hich has thus varied, together with the 
tendency to its inheritance. Any variation which was of no use 
whatever to the individual would not be preserved by tho process 
of natural selection/ 5 3 

Another kind of evidence favoring the idea of the progressive 
evolution of human beings from simpler ordem of animal*) is iho 
presence of what are known as nonfunctional vestigial structures, 
relics of past phases of existence, such* for instance, m tho unused 
extern eiI muscles of our eara and rudimentary third eyelids; the 
gill-clefts of reptiles, birds, and mammals, and tho hind limbs of 
wiuilc*. The study of these vestigial structures is of importance 
in showing that ancestral features have great power of hereditary 
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persistence. These traces of ancestral hfctwy arc intelligible only by 
means of the hypothec is of Batura l election, 1 

Prof. G, Elliot Smith insists on the fact that a knowlc^lgo of the 
evolution of the brain affords us a reliable and important due in 
understanding the factors which have led to the making of mammals 
what they arc, m well as supplying evidence to show whence they 
came. He demonstrates the fact that from the earliest development 
of the structures forming the cerebral cortex (or that portion of it in¬ 
cluded in the neopiillium), its function has been to regulate “skilled” 
movements of the animal's body, 1 The superior development of 
the brain of Pithecanthropus with its rodimenlasy senaori-motor 
center of speech, gave this order of beings nn advantage over its 
nearest competitors, the anthropoid apes, and as the progressive even 
luticn of the brain of man was raised to a higher standard by the 
exercise. of hh skilled movements, w his psychical powers increased, 
and Jed Mm to manufacture weapons aud implements of various 
kinds, and to appreciate the u^e of fire to aid lus brute force* * 
Thus the gap between man and apes widened more anti more as the 
reasoning power of the former increased through successive gen¬ 
erations. 1 

Having thus given an outline of the evidence which iearls us to 
Accept Darwin's hypothesis as being as near an approximation to the 
truth os, for example, the Copermeon hypothesis was to the truo theory 
of the planetary motions, 1 wo must refer to ^omo of the reasonable 
object in ns that have been advanced against this theory. 

As far buck as the year 1863 Huxley found ho was unable, without 
reserve, to accept the theory of natural selection, because although in 
his opinion this theory accounted for the structural origin of species, 
it was incapable of explaining their physiological difference*.* For, 
ho argued, it was a well-known fact that distinct species in a state of 
nature were, when crossed, incapable of perpetuating the species. On 
the other hand, selective breeding was incapable of producing species 
which on crossing were, aa a ride, sterile. Since Huxley's time* 
however,, it has been proved that fertile pairing between distinct 
species of animals is by no means a rare occurrence^ 

We have already referred to another difficulty experienced by 
many educated people in accepting, without reserve, the theory of 
natural selection; they are unable to conceive how slight beneficial 
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variations in ih& structural urrmigeincm of the protoplasmic ele- 
mente nf living organism* could have become established, and sub* 
sequendy devt-lopt-d in succeeding generations, in the constantly 
changing environment (climatic and otherwise) U> winch these organ- 
Lsins must have been exposed. It certainly seems necessary, that the 
modes of energy widely by their action on tho living elements of 
protoplasm had caused its molecular modifications, should have con¬ 
tinued to act on these dements for considerable periods of time, in 
order that these beneficial variations should be established and 
become hereditary. Tills objection, if valid, would seem seriously 
to affect- tho soundness of the foundations on which tho theory of 
natural selection rests. This difficulty, however, is oiiq capable of 
being satisfactorily met; for there is good reason to suppose that, In 
spite of the adverse influence to which primitive organisms must 
have been subjected, certain of the forces acting upon their living 
protoplasm have been continuously in operation; such, for instance, 
as that form of energy wo call light, which we may suppose by its 
constant action on these elements gradually changed their molecular 
structures, and adapted them to its own specific mode of action. 

To illustrate our meaning we may take, os an csample, tho develop¬ 
ment of structures such as those which enter into the formation 
nf tho eyes of two different classes of animals, viz* moll usks and 
vertebrates. 

It seems probable that these structures were derived from a com¬ 
mon ancestral stock, for they both consist of similar tissues adapted to 
concentrate a definite mode of energy on & specialized form of nervous 
elemental which* in conjunction with work performed by corre¬ 
sponding cerebral matter* gives rise to visual sensations. There is, 
however* a difference in the arrangement of the internal structures 
of the evitt of mollusks and vertebrates* especially In Ihoso tissues 
which are concerned in tho adjustment of the focus of tho eyes to 
near and distant objects, and also in its nervous apparatus, Tho 
question is: How *iro we to account for these differences, supposing 
the eyes of theso creatures to have been evolved from a common 
ancestral st ock ? 

It seems unlikely that the delicate tissues entering into tho for¬ 
mation of tho eyes of vertebrates and mollusks have been built up on 
similar lines by tho play of chance variations in their protoplasmic 
dements, produced in response to the action of a constantly varying 
environment. Even supposing slight identical beneficial change* 
in tho living matter of those structures had thus been effected, this 
action must have been persistent, other™ these molecular change* 
would soon have become obliterate*!; but, as above stated. H would 
be different supposing light acted continuously and directly on the 
protoplasmic dements, so as to change its molecular structure and 
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to adapt it to its own specific mode of action. The resemblance of 
tho tissues of the eyes of vertebrates and niollnsks would thus be 
referable to an identical force or cause. The more and more complex 
eyes of vertebrates would bo something like t!io deeper and deeper 
impression of light on a substance, which, being organized, possesses 
u special aptitude for receiving it . 1 

In many unicellular and some invertebrate beings, red spots of 
coloring matter may be seen on their outer surface. These are known 
as “iye^spols . 11 for in Home nrf them lens-like structures exist which 
are analogous to those of the eyes of the higher orders of animals. 
There is reason to suppose that by t he action of light oil the substance 
forming these eye-spots, organisms possessing these structures a re 
enabled to distinguish light from darkness. Animals having more 
highly developed eye spots seem to be sensitive to alterations 
in the intensity of light; their rudimentary organs of vision may 
therefore, in a vague way, assist ihese organisms to guide the move¬ 
ments of their bodies . 3 

There must have been very many stages in the evolution of eyc- 
Bpopfe* * into structures such ns throe which constitute the eyes of 
molltisks and vertebrates, and some of these stages may be traced 
from one to another through the ascending order of beings. Each 
stage consisting in the purposive adaptation of the structures entering 
into the formation of the eye to the requirements of each order of indi¬ 
viduals. Beyond this natural selection is no longer operative, because 
a further specialization of structures entering into the construction 
of the organ of virion would not assist this particular order of beings 
in their struggle for existence. It would, for instance, be of no advan¬ 
tage to a scollop, as it is to human beings, to possess a complex 
arrangement of structure adapted to instantaneously focus its eyes cm 
near and distant objects,* 

So fur as. our knowledge extends regarding existing orders and 
species of animals, lve do not lind any indications of sudden changes 
taking place in the structures entering into the construction of their 
organs of vision. On the other hand, wo can account for their 
undoubted progressive development by supposing their eyes to have 
been evolved by the continued action of light on living matter, which 
under the operation uf the laws of natural selection has gradually 
been molded into a form adapted to respond to this mode of energy, 
In other words, the action of light on the living purposive elements of 
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a differentiated form of protoplasm has gradually produced changes 
in the structural arrangement of its molecules, whereby they have 
effectively responded to the exigencies of their environment, Struc¬ 
tural changes thus effected have u tendency to become hereditary 
qualities. To this extent light may be said to have evolved the 
structures which enter into the formation of the eyes of the various 
classes of animals. Herbert Spencer, when referring to molecular 
changes of the kind to which we have referred, states that, there go 
on in all organisms certain changes of structure and functions that 
are directly consequent on change* in the incident forces, in jut 
changes by which outer changes are balanced, and the equilibrium 
restored—rearrangements which produce an exactly a muter bsJ ant¬ 
ing force.’ But the result, though as a rule progressive under the 
laws of natural select ion, La not always so, its for instance in the case 
of internal parasites which lack even a digestive tract, because a 
stomach is unnecessary in an animal which lives bathed in the 
nutrient fluid* of its host. 

The other hypothesis which wo mentioned as, at present, engaging 
the attention of biologists to enable them lo explain the origin of 
new species of animals and plants, L* the theory which has been 
advocated by (he .well-known Dutch bofi rust, Prof. Hugo de Vries. 

De Vricsp in the preface to his work “Specks anti Varieties, their 
Origin: by Mutation/' observes Unit the current belief assumes that 
specie* arc slowly changed into new types* In contradiction to this 
conception, the theory of mutation assumes that new species and vari¬ 
eties ore produced from existing forms by sudden leaps. The parent 
typo itself remains unchanged throughout tlds process, and may 
repeatedly give birth to new forms. These may arise .-[mult aneoudy, 
and in group, or separately at more or less widely distant periods, 

De Vries lays stress on the difference between slight structural 
changes in plants, and mutat inns; the former he holds are subject to 
fluctuation* and occur continually from one to other generations. 
Mutations, on the other hand, are rare and occur intermittently; 
they do not. show any ascending law id frequency. Fluctuations do 
not lead to a permanent change in the increase of the specie* unless 
there be very rigorous selection,, anil even then, if the selection bo 
slackened, there is regression to the old mean; mutations lead per 
s&lium to a new specific position, and there is no regression to the 
old mean. De Vries maintains that fluetnations do not yield any¬ 
thing really new, they imply a little more or less of character already 
present; mutations are novelties, they imply some new pattern, 
some new position of organic equilibrium. De Vries holds that no new 
specie* can be establ ish ed wit ho ut mu t at iom 4 H When a mat at ion Iulh 
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occurred a new species Is already in exist cnee. and will remain in 
exklence unit™ all the progeny of the mutation are d(strayed,” 
According to De Vries, therefore, species originate by mutation 
instead of by continuous selection. He adds; 4 ‘Natural selection 
may explain the survival of the fittest, but it can not explain the 
arrival of the fittest/ 11 

It m dear that De Vries’s hypothesis of evolution of species by 
mui ni.ii>u t if established, would mean a profound change in the 
ideas received from Darwin. The survival of the fittest among a 
crowd of fresh elementary species or subspecies ready-made by 
mutation is a different conception from that ul the progressive 
building up of the fittest types, by the improvement through selec¬ 
tion of existing characters and qualities, and the gradual addition of 
a unit- here and a unit there to a complex structure of species/ 

Darwin, as far back as the year 1859, stated that it w t hs the tino 
ness of gradation in the shells of substftges of the chalk formations, 
winch led him to maintain the gradual, as against the sudden evolu¬ 
tion of species. 

The evidence upon which De Vries founds his hypothesis its to 
the sudden production of new species from existing typos—that b T 
bv mutations —is largely derived from bis ow n observation of changes 
which took place in specimens of plants of the evening primrose i (Eno- 
them lamarcki&na) he found growing in the sandy soil of a field lit 
Hilversum. De Vries took seeds from two species of these wild 
plants and sowed them in a weH-manured garden in Amsterdam. 
Seeds collected from these cultivated plants produced, according to 
De Vries, seven constant eiementfirv s lories of the evening primrose; 
but these species differed so slightly from one another and from the 
parent stock, that we should rather refer them to varieties than as 
constituting distinct specif Varieties of tills kind might be ac¬ 
counted for by a change of environment, the plant'? having origi¬ 
nally grown in a sandy soil and been transferred to a well-manured 
garden* De Vries, however, attributes the changes observed in 
these plants to the latent qualities possessed by the parent stock, 
IIo assumes that the character!? of organisms are mu do up of ele* 
monts that arc sharply separated from each other, and that at 
certain periods these elements become impressed by an impulsive 
mutability. It was at one of these periods De Vries supposes he 
chanced to secure his evening primrose, hence the changeful state 
of the plant and its production of seven element ary species within a 
short time. 
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The history of the Maltese family of Kellcia Is often referred to 
as an example of mutative changes in the ease of human beings. 
The father and mother of this family had the ordinary number of 
toes and fingers, but their eldest son possessed six fingers on each 
hand and six toes on each foot. This child; Gratio f subsequently 
married and had children, several of them having six fingers and 
loes. This malformation was absent in the following generation, 
hut reappeared in the succeeding family; it then Seemed to have 
died out. Another remarkable instance of this kind is that of Ibc 
Sock of Massachusetts Ancon sheep. The deformity which charac¬ 
terized these sheep, however, disappeared in the course of n few 
you** it. b said in consequence of tho introduction of the Merino 
sheep into the United States. In both these cases of the midden 
development of monstrosities it can not bo said that now species* 
but only varieties, had suddenly come into being. Our knowledge, 
however, concerning the evolution of the simpler into complex 
orders of plants, like that of animals, must to a huge extent he 
guided by information we derive from the study of their fossil re¬ 
mains—a branch of science which has only been taken seriously in 
hand within the last few year*. Palaeobotanists of repute, such us 
MM. BaiTob, Bertrand, and Cayeux, are of opinion that in the 
earliest sedimentary or pre-Cambrian formations they have obtained 
evidence of the existence of rudimentary animals and plants, in the 
shape of protophytes and protozoans. 1 However this may be, we 
know that numerous species of diatoms, seaweeds, and fungi exist 
in a fossil state in the coal measures of England and other parts 
of the world, and that the structure of these beings resembled those 
now flourishing, The higher plants, however, oil which these fungi 
fed '"have changed profoundly since '* tho coal-measure epoch, 
11 stimulated by ever-changing surroundings.^ 3 All l ho plants 
which exbied during the Carboniferous period have become extinct ; 
they were flowcrlcsd und otherwise differed from those of the present 
day: but this difference was in outward form, or ihe grouping of 
their celt, turtle r than in the functions performed by their vascular, 
inspiratory, and other structures* Thus wo fmd in faswU plants of 
our cord mouanrea a layer of chlorophyll bearing cells situ a to I 
beneath their epidermis, indicating the existence tif a starch-fornung 
system, worked liy energy derived from sunlight. In each succeed¬ 
ing geologic id period the main types of vegetation changed, and 
each succeeding change advanced a step toward the t) r pes of the 
existing flora* 1 It was not, however, until wet arrive at the CYela- 
ceous epoch that the existence of fossil flowering plants appear. 
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The advent of these plants ill the flora of this period, according to 
existing fosdb, appears somewhat sudden, so much $o that pul acts- 
botanists have been disposed to think that this epoch indicates the 
existence of a mutative period in plant life* In fact, that during 
the time the chalk rocks were forming that plants suddenly all 
over I ho world produced species differing essentially from those 
which had preceded them. It Is necessary, however, to take 
into consideration the existence of a group of fossil plants known 
as Cycadsp which were probably derived from a common stock 
and "which are in close connection with the ancestors of 
modem flowering plants; thus flowering plants can bo linked ott 
to the series that runs through the (Vends directly to the primitive 
ferns." 1 It is only within the last few years that the important 
extinct group of plants—Pteridosperraa—hits been recognised. 
Nevorthdess, they form the most numerous plants of the Carbon¬ 
iferous period and have displaced the ferns from the position they 
were hitherto supposed to hold ns the dominant plants of the coal 
measures. Facts such as these render us cautious in accepting the 
idea that the flowerless flora of the ancient world became suddenly 
changed during the Cretaceous epoch info flowering plants. It is 
clear that the vascular and reproductive organs of the plants of 
undent geological periods, m they grew taller and camo to inhabit 
il tin - soil, must, under the laws of natural selection, have undergone 
certain modifications. From the microscopical examination of the 
tissues forming these primitive plants we find that alterations in their 
structure have gradually iraken place, culminating in the appearance 
of the flowering plants of the Cretaceous epoch, 

X>r. SL C\ Slopes in the concluding chapter of his excellent w* irk an 
“Ancient Plants" (p. 1 7 $) states that "the group of fossil plants do 
not now appear isolated by great unbridged gaps, as they did even 
20 years ago; 15 by means of the fossils either direct connections 
or probable links are discovered which connect series ami fami¬ 
lies. We may add that plants now "growing in the Nile Volley ore 
similar in character to those represented on the monuments of the 
earliest Egyptian dynasties. In the stable climate and conditions of 
the Nile Valley three plants for thousands of years have retained 
their character; but If removed to a different soil and climate such as 
that of England, hi the course of fit few generations they become 
variable and thus undergo marked modifications. We hold this 
result to bo attributable to the response of their living protoplasm to 
the action of changes of environment, which in the course of time we 
believe, nil dor the influence of natural selection, might possibly lead 
to the product km of new varie ties, if m it act u al spec i es * The follow \ i ig 
details concerning a remarkable series of variations ni certain Fox- 
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glove plants appear to afford us reliable evidence in favor of the idea, 
that under certain unknown conditions the flowers of n wild f float 
may become suddenly and completely altered m cbnratier, and that 
variations of this description are passed on from one to succeeding 
generations by means of the germ cells, 1 

From a packet of Foxglove seeds [Digitalis purpwrm) sown in the 
year 1966, 54 plants were, in June, 1007, planted in a shrubbery of fir 
trees with an undergrowth of Laurels* Of these plants, 51 grew into 
normal Fox-gloves, but the 3 remaining plants were sports, which 
wo may distinguish by tho letters A, B p and C- 

A. In this plant the flowers of tho lower half of the stem possessed 
only a bifid upper petal arid seven stamens united at their bases. 
The flowers of the upper part of the spike were normal. 

B, A line, well-grown plant 4J feet high; throughout the whole 
length of the spike the flowers consisted of a bifid upper petal> seven 
stamens, and style. The upper part of this spike was isolated : it 
produced abundant self-fertilized seed, 

0, The spike of this plant grew to be 5 feet high; from base to apex 
its flowers consisted of nine stamens and ii style, with no vestige of 

petals. 

It is unnecessary to follow the history of plant A, as it was only the 
lower part of the spike in which tlie flu wets were abnormal, and the 
stem whs not isolated. 

Seed taken from the upper covered part of tlie plant B, whoso 
flowers consbtcd of a bifid petal, 7 stamens, and a style, germi¬ 
nated abundantly; 21 of these plants flowered in 1909. Thirteen of 
these 21 plants produced spikes of tho p&renL type, and S of the 21 
plants produced normal Fox-gWe flowers. One of the 13 plants 
grew to be 5 feet 1 inch high, iu spike producing 1 bifid petal and a 
style; hut ite terminal flower consisted of 22 stamens and a large 
Iksk-shsped cupel (divided into 7 compartments) and style, but 
having no corolla; that is, it had no petals, (As shown in photograph 
exhibited,) 

The season of 1D0U was sunless, with constant rain; consequently,, 
all covered planis suffered much from mildew, but I managed to col¬ 
lect some self-fertliked seed from the terminal flower of the plant 
referred to, and this seed germinated and flowered in 191L Every 
one of the 12 plants I reared from the seed of the terminal flower pro¬ 
duced flowers precisely like the parent. Two of these plants were 
isolated and their self-furtiiized seed germinated freely (September, 
(fill). 

The seed originaliy collet:ted from the covered part of plant 0 
of 1007 bad produced plants which, in 1909, gave flowers precisely 
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similar tu the parent plant. Self-fertilized seed from these plants 
(19O0) in 1911 produced plants exactly like those of 1907'—L ©., 
(lower* having nine stamens ami & stylo, but no petals. Solf-ferti- 
Used seed from these plants are now (September, toil) germinating 
freely. Some of the plants, however, of 1909, in place of n tall 
single spike, grew some seven or eight shorter spikes, each flower 
of which had nine stamens but no petals. 

It seems that a certain number of the Fox-glove seeds sown in 
the year 1900 contained elements in a condition such as that de¬ 
scribed by ]>e Vries as being “Impressed by an impulsive muta¬ 
bility," for some of the flowers produced by these seeds were sports. 
Seeds from these sports produced their like In 1909; and, further, 
these latter plants bore some terminal flowers tot idly different in 
character from the parent sport from which they were derived. 
Seeds from these terminal flowers produced their like in the year 
1911, so that I have now two different strain* of Fox-glove plants 
derived from the seed sown in 1909, and these strains Lave resulted 
from self-fertilized flowers — that is, from flowers carefully protected 
from insects or other means of cross fertilization. It is, however, 
doubtful if these varieties would have been maintained in a state 
of nature. While specific stability under constant conditions appears 
to be the rule in nature, it is widely different in cultivation. When 
a plant is brought under cultural conditions it maintains its typo 
for some time unaltered, then gives way and becomes practically 
plastic.* It is certain, there rote, that before we cat :i accept Da 
Vries’s hypothesis of the origin of species by mutation, we must 
have further and more conclusive evidence on the subject than that 
which is now available. On the other hand, Huxleys conclusion 
regarding the Darwinian hypothesis still holds good. lie states 
that all specie* have been produced by tbs' development of varieties 
from common stocks; the conversion of these, first into permanent 
races, and then into new aperies, by the process of natural selection, 
which process is essentially identical with that of artificial selection 
by which man has originated the races of domestic animals, the 
struggle for existence taking the place of man; and exerting, in the 
vase of natural selection, that selective action which hr performs in 
artificial selection. 

The evidence brought forward by Darwin in sup|mrt of his theory 
is of three kinds. First, he endeavors to prove that species may be 
originated by selection; secondly, he attempts to show that natural 
causes nrc competent to exert selection; and, thirdly, he tries to 
prove that the most remarkable and apparently anomalous phe¬ 
nomena exhibited by the distribution, development, and mutual 
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relations of species can bo shown to be deducible from the gen mil 
doctrine of their origin which he propounds, combined with the 
known facts of geologic nl change; and that, even, if not all these 
phenomena arc at present explicable by it, none are necessarily 
inconsistent with it; on the other hand, since Huxley's rime Darwin's 
theory has been strengthened by many new farts. 1 
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The science of zoology, -all the more iho incorporate science of 
biology, is no simple affair, end from its earliest beginnings it bus 
been a great and complex and many-sided tiling. "Wo can scarce 
gel a broader view of it than from Aristotle, for no man has ever 
looked upon our science with a more farseeuig and comprehending 
eye, Aristotle was all things that we mean by " naturalist ” or 
“biologist.” He was a student of the ways and doings of beast and 
bird und creeping tiling; ho was morphologist and embryologist; he 
had the keenest insight into physiological problem*, though his ago 
lacked that knowledge of the physical sciences without which phys¬ 
iology can go but it little way; he was the first and is the greatest 
of psychologists; and in the light of his genius biology merged in a 
great philosophy. 

I do not for a moment suppose that the vast multitude of facts 
which Aristotle records were all, or even mostly, the fruit of his own 
immediate and independent observation. Before him were the 
Hippocratic and other schools of physicians and anatomists. Before 
him there were nameless and forgotten Fibres, Kissels, Reaumur-, 
und Hubers, who observed the habits, the diet, and the habitations 
of the sand wasp or the mason t»ee; who traced out the little lives 
and discerned the vocal organs of grasshopper and cicada; and who, 
together with generations of bee-keeping peasants, gathered up the 
lorn and wisdom of tho bee. There wore fishermen skilled in all the 
cunning of their craft, who discussed the wanderings of tunny ami 
mackerel, swordfish or anchovy; who argued over the nges, the 
breeding pieces, and the food of this fish or that; who knew how the 
smooth dogfish breeds, two thousand yearn before Johannes Muller; 
who saw* how the male pipefish carries its young, before (.’itvolmi; 
and who had found the nest of the nest-building rockfisbus before 
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Gcrbe rediscovered it almost in our onn day. There were curious 
students of tho cuttle fish (I sometimes imagine they may have been 
priests of that sea-born goddess to whom the creatures were sacred), 
who lia«l diagnosed the species, recorded the habits, and dissected 
the anatomy of the group, even to the discovery of that strange hec- 
tocotylus arm that bullied Della Chinje, Cuvier, and Koellikcr, and 
that Vfirany and Heinrich M filler reexplained. 

All this varied learning Aristotle gathered up and wove into his 
great web, Bui every here and there, in words f hat are unmistakably 
the master’s own, we hear him speak of what are still the great 
problems and even the hidden mysteries of our science; of such 
things os the nature of variation, of the struggle for existence, id 
specific and generic differentiation of form, of tho origin of the tis¬ 
sues, the problems of heredity, the mystery of sex, of the phenomena 
of reproduction And growth, the characteristics or habit, instinct, 
and intelligence, and of the very meaning of life itself. Ami.! all the 
maze of concrete facts that century after century keeps adding to 
our store, these, and such as these, remain the great mysteries of 
natural science—the magnulia. nature, to borrow a great word from 
Bacon, who in his turn had borrowed it from St, Paul. 

Xol that these are the only great problems for the biologist, nor 
that there Is but a single class of great problems in biology, for 
Bacon himself speaks of the mugnalia rmturro, quoad usua humanos, 
the study of which has for its objects “the prolongation of life or the 
retardation of age, tho curing of diseases counted incurable, the 
mitigation of pain, the making of new species and transplanting of 
one species into another/' and so on through many more. Assured!v, 
I have no need to remind you that a great feature of this generation 
of ours has been the way in which biology has been justified of her 
children in tho work of those who have studied the magnolia untune, 
quoad usus humanos. 

But so far are biologists from being nowadays engrossed in practical 
questions, hi applied and technical zoology, to the neglect of its more 
recondite problems, that there never was a time when men thought 
more deeply or labored with, greater zeal over tho fundamental phe¬ 
nomena of living things; never a tune when they reflected in a broader 
spirit over such questions as purposive adaptation, the harmonious 
working of the fabric of the body in relation to environment, and the 
interplay of all the creatures that people tire earth; over the problems 
of heredity end variation* over the mysteries of sex and the phe¬ 
nomena of generation and reproduction, by which phenomena, as the 
wise woman told, or reminded, Socrates, and os Harvey said ogam {and 
for that matter, as Coleridge said, and Weismann, but not quite so 
well)—by which, as tire wise old woman said, wo gain our glimpse of 
insight into eternity anti immortality. These, then, together with 
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the problem of Lho origin of species, are indeed mogilalia naturae; 
and I take it that inquiry into those, deep and wide research specially 
directed to the solution of these, b characteristic of the spirit of our 
time and is the password of the younger generation of biologists. 

Interwoven with this high aim which b manifested in the biological 
work of recent yearn is another tendency . It is the desire tu bring 
to hear upon our science, in greater measure thou before, the methods 
and results of the other tcbuces* both those that m the hierarchy of 
knowledge are set above and below and those that rank alongside 
of our own. 

Before the great problems of which I have spoken the cleft be¬ 
tween zoology and botany fades away, for the same problems are 
common to the twin sciences. When the zoologist becomes a student 
not of the deed but of the living, of the vital processes of the cell 
rather than of the dry bones of the body, ho becomes once more a 
physiologbt, and the gulf between these Lwo disciplines disappears. 
When ho becomes a physiologist, he becomes, ipso facto, a student of 
chemistry and of physics. Even mathematics hm been pressed into 
the service of the biologist, and the calculus of probabilities b not 
the only branch of mathematics to which ho may usefully appeal. 

The physiologist has long had as hb distinguishing characteristic, 
giving hb craft a rank superior to the abler branch of morphology, 
the fact that in his great held of work and in all the routine of his 
experimental research, the methods of the physicist and the chemist, 
the lessons of the anatomist, and the experience of the physician, are 
inextricably blended in one common central field of investigation 
and. thought. But it Ls much more recently that the morphologist and 
embryologist have made use ol the method of experiment and of tho 
aid of the physical and chemical sciences—even of the teachings of 
philosophy—all hi order to probe into properties of the living organism 
that men were wont to take for granted or to regard os beyond their 
reach under a narrower interpretation of the business of the biologist. 
Dricsch and Lueb and Roux are three among many men who have 
become eminent in tins w ay in recent years, and their work we may 
take as typical of methods and aims such os those of which I speak. 
Driesch, both by careful experiment and by philosophic insight ; 
Loeb, by his conception of the dynamics of the ccU anti by his mar¬ 
velous demons! ratio ns of chemical and mechanical fertilisation; 
Roux, with Ink theory of autodcteraiiimtiert and by the labors of the 
school of Entwickelungsmechanik which he has founded, have all in 
various ways, and from more or less different points of view, helped 
to reconstruct and readjust our ideas of the relations of emhryological 
processes, and hence of the phenomenon of life itself, on the one 
hand, to physical causes (whether external to or latent in the mocha- 
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nistn of the roll}* or* on the other, to the nnciont conception of a vital 
element* alien to the province of the physicist. 

Xo small number of theories or hypotheses, that seemed for a t imo 
to have been established on ground as firm as that on which we trend, 
have been reopened in out day. The adequacy of natural selection 
to explain the whole of organic evolution has been assailed on many 
sides; the old fundamental subject of embryologtcal debate between 
tlio evolutionists or preform alienists (of the school of Malpighi, Haller, 
and Bonnet) and the advocates of epigenesis (tlio followers of Aris¬ 
totle, of Harvey, of Caspar Fr. Wolff* and of You Baer) is now 
discussed Again* in altered language, but ns a pressing quest ion of the 
hour; the very foundations of tho ceil theory have been scrutinized* 
to decide, for instance* whether the segmented ovum, or even the 
complete organism, be a colony of quasi independent cells or a living 
unit in which cell differentiation h little more than a superficial 
phenomenon; the whole meaning, bearing, and philosophy of evolu¬ 
tion has been discussed by Bergson, on a plane to which neither 
Darwin oor Spencer ever attained; and tho hypothesis of a vital 
principle* or vital element* that had bun in tho background for near 
a hundred years* has come into nu n's mouths as a very real and urgent 
question, the greatest question for the biologist of all. 

In all ages the mystery of organic form, the mystery of growth 
and reproduction, the mystery of thought and consciousness* the 
whole mystery of the complex phenomena of life* have seemed to tho 
vast majority of men to call for description and explanation in terms 
alien to the language which we apply to inanimate things; though at 
all times there have been a few who sought, with tho materialism of 
Democritus* Lucretius, or Giordano Bruno, to attribute most* or even 
all p of these phenomena to the category of physical causation. 

For this first scientific exposition of vitalism we must go back to 
Aristotle, and to his doctrine of the three porta of the tripartite soul; 
according to which doctrine, in Milton's language* created things “ by 
gradual change sublimed, to vital spirits aspire* to animal, to Intel- 
IcctuaL' 1 The first and lowest of these three* the 
by whose agency nutrition is effected, Is ^ Ttpwrj} tho insepa¬ 

rable concomitant of life itself. It h inherent in the plant as well as 
in the animal, mid in the linaran aphorism, vegctabUia erescunfc et 
vivunt* its existence is admitted in a word. Under other aspects it 
is all but identical with the f^zh and the soul of 

growth and of reproduction; and in thk composite sense it is no other 
than Driesctrs “Entdechy,™ the hypothetic natural agency that pre¬ 
sides over tho form and formation of the body. Just as Prieach's 
psychoid or psychoids* which are the basis of instinctive phenomena, 
of sensation, instinct* thought* reason* and all that directs that body 
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which entelechy has formed* Are no other than the oA^r'icf, when * 1 * by 
an mi nil a vrnmi ct senthmt* and the to which Aristotle 

ascribes the reasoning faculty of man* Save only that Drieech, like 
Darwin, would deny the restriction of vatic, or reasoning, t o man alone, 
and would extend it to animals, it is dear, and Drirsch him s elf admits, 3 
that he accepts both the vitalism and the anolysk of vitalism laid 
clown by Amt otic. 

The m*6pa of Galen, the vis plostiea F the vis vita? fornmtrix F of the 
older physiologists, the Bildungstrieh of Blumenbach, tho Lebensknift 
of Paracelsus, Stahl, and Trevinuius, “shaping the physical forces of 
the body to its own ends, 31 “dreaming dimly in the grain of the pram- 
iso of the full com in the ear"* (to borrow the rendering of an Oxford 
scholar), these and nanny morcj like Drbschk M Entebdij ,M of to-day, 
arc all conceptions under which successive generations strive to depict 
the something that separates the earthy from the living, the living 
from the dead. And John Hunter described hk conception of it in 
wonk not very different from Drieschb, when he said that hk principle, 
or agent, wax independent of oigankatioti, which yet it animates, 
sustains, and repairs; it was the same as Johannes Mullerk conception 
of an innate “unconscious idea* JJ 

Even in tho Middle Ages, long before Descartes, we can trace, if we 
interpret thy language and the spirit of the time, an antithesis that, 
if not identical, is at least parallel to our alternative between vitalktic 
and mrchanicai hypotheses* For instance. Father Harper telk us 
that Snores maintained that in generation and development a divine 
interference is postulated, by reason of the perfection of living beings; 
in opposition to St. Thomas, who (while invariably making an excep¬ 
tion in the case of the human soul) urged that, since the existence of 
bodily and natund forms consists solely in their muon with matter, 
tho ordinary agencies which operate on matter sufficiently account 
for them, 3 

But in the history of modem science, or of modem physiology, it 
is, of course, to Descartes that wo trace the origin of our mechanic a! 
hypotheses—to Descartes, who, imitating Aiirimnodes, said: “Give 
me matter and motion and I will construct tho universe/* In fact, 
leaving the more shadowy past alone, we may say that it is since 
Descartes watched the fountains in the garden and saw the likeness 
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between their iimchincry of pumps and pipes and reservoirs to the 
organs of the circulation of tins blood, and jdnee Yaucansords mnr- 
ydoua automata lent plausibility to the idea of a "living automaton/ 1 
it is since then that meids minds have born perpetually swayed by 
one or other of the two conflicting tendencies, either to seek an expla¬ 
nation of the phenomena of living things in physical and mechanical 
considerations, or to attribute them to unknown and mysterious 
causes alien to physics and peculiarly concomitant with life* And 
some men's temporaraents ? training, and even avocations, render 
them more prone to the one side of this unending controversy, as the 
minds of other men arc naturally more open to the other. As KflUnc 
said a few years ago at Cambridge, the physiologists have been found 
for several generations leaning, on the whole, to the mechanical or 
phj^co-chcmicaJ hypothesis, while the zoologists have been very 
generally on the side of the vitalist$. 

The very fact that the physiologists were trained in the school of 
physics, and the fact that the zoologists and botanists relied for so 
many yearn upon the vague, undefined force of "heredity” as stifli- 
dently accounting for the development of the organism, an intrinsic 
force whoso results could ho studied but whose nature seemed remoto 
from possible analysis or explanation, these facia alone go far to 
Illustrate and to justify what Kuhno said, 

Ckudo Bernard held that mechanical, physical, and chemical 
forces summed up nil with which the physiologist has to deal Ver- 
worn defined physiology as "the chemistry of the proieids”; and I 
think that another physiologist (but I forget who) has declared that 
the mystery of life lay hidden in "the chemistry of the enzymes.” 
But of late, as Dr- Haldane showed in an address a couple of years ago, 
it is among the physiologic tbemselvca, together with this embryolor 
gky, that we find tho strongest indications of a desire to pas& beyond 
the horizon of Descartes, and to avow that physical and chemical 
methods, the methods of Helmholtz, Ludwig, and Claude Bernard, 
fall short of solving the secrets of physiology. On the other hand, 
in zoology, resort to the method of experiment, the discovery, for 
instance, of the wonderful effects of chemical or even mechanical 
stimulation in starting the development of the egg, and again tho 
ceaseless search into the minute structure, or so-called mechanism, of 
the cell, these 1 think have rather tended to sway a certain number of 
zoologists in the direction of the mechanical hypothesis* 

But on the whole, I think it is very manifest that there h abroad 
oil all sides a greater spirit of hesitation and caution than of old, 
and that the lessons of the philosopher have had their influence on 
our minds. We realize that the problem of development is far harder 
than wo had begun to let ourselves suppose; that the problems of 
organogeny and phylogeny (as well as those of physiology) arc nut 


Git EATER PROBLEMS OF BIOLOGY—THOMPSON, 


385 


comparatively simple and well-nigh solved, but are of the most 
formidable complexity. And we would, moat of us, confess, with 
the learned author of The Cell in Development and Inheritance, that 
we are utterly ignorant of the manner in which the substance of the 
germ cell can so respond to the influence of the environment as to 
call forth an adaptive variation; and again, that the gulf between 
the lowest forms of life ami the inorganic world is as wide, if not w ider, 
than it seemed a couple of generations ago.* 

While wo keep an open mind on this question of vitalism, or while 
we lean, as bo many of us now do, or even cling with a great yearning 
to the belief that something other than the physical forces animates 
and sustains the dust of which wc are made, it is rather the business 
of the philosopher than of the biologist, or of the biologist only when 
he has served his humble and severe apprcntkJesliip to philosophy, 
to deal with the ultimate problem. It is the plain boundoa duty of 
the biologist to pursue liis course, unprej udiced by vitalistie hypbth- 
eges, along the road of observation and experiment, according to 
tlio accepted discipline of the natural and physical sciences; indeed 
T might iHsrhaps better say the physical sciences alone, for it is already 
a breach of their discipline to invoke, until we feel we absolutely 
must, that shadowy force of "heredity," to which, as I have already 
said, biologists have been accustomed to ascribe so much. In other 
words, it is an elementary scientific duty, it is a rule that Kant 
himself laid down, 1 that we should explain, just as far as we possibly 
cart, all that is capable of such explanation, m the light of the prop¬ 
erties of matter and of the forms of energy with which we are 
already acquainted. 

It is of the essence of physiological science to investigate the mani¬ 
festations of energy in the body, and to refer them, for instance, to 
the domains of heat, electricity, or chemical activity. By this moans 
a vast number of phenomena, of chemical and other actions of the 
bodv, have been relegated to the domain of physical science, and 
withdrawn from the mystery that still attends on life, and by this 
means, continued for generations, the physiologists, or certain of 
them, now tell us that wc begin again to descry the limitations of 
physical inquiry, and the region where a very different hypothesis 
insists on thrusting itself in. But the morphologist has not gone 
nearly so far ss (he physiologist in the use of physical methods. He 
sees so great a gulf between the crystal and the cell that the very 
fact of the physicist and the mathematician being able to explain 
the form of the one, by simple laws of spatial arrangement where 
molecule fits into molecule, seems to deter, rather than to attract, 
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the biologist from attempting id ex plain organic forms by mathe¬ 
matical f r physical law. Just as the embryologist used to explain 
everything by heredity, so the morphologist is still in dined to say, 
** the thing is alive, its form is an attribute of itself, and the physical 
forces do not apply” If he does not go bo fur as this, he is still apt 
to take it for granted that the physical forces can only to a small 
atul even insignificant extent bland with the intrinsic organic forces 
in producing the resultant form. Herein lies our question in a nut- 
shell. Has the morphologist yet sufficiently studied the forms, 
external ami internal, of organisms, in the light of the properties of 
matter, of the energies that are associated with it, and of the forces 
by which the actions of these energies may be interpreted and de¬ 
scribed if Has the biologist, in short, fully recognized that, them is 
a borderland not only between physiology and physics, but between 
morphology and physics, and fit at the physic Ut may, and must, be 
his guide and teacher Ln many matters regarding organic form ? 

Now, tins is by no means a now subject, for such men as Barthold 
and ISrrera* Khumbler and Drover, Dfitachli and Ycrworn, Priasch 
and Kuux have already dealt or deal with it But, on the whole, St 
scents io me that the subject 1ms attracted too little attention, and 
that it is wed worth our while to think of it to-day. 

The first point, then, that I wish to make in this connection is 
that ibe form of any portion of matter, whether it be living or dead, 
its form and the changes of form that are apparent in its movements 
and in its growth, may in all cases alike be described as due to the 
action of force* In short* the form of an object is a iA diagram of 
forces* 1 —in this sense, at least, that from it we can judge of nr 
deduce the forces that are acting or have acted upon it; in this strict 
and particular sense it is a diagram: in the case of a solid of the 
forces that have been impressed upon it when its conformation 
was produced, together with those that enable it to retain its con- 
formation; in the case of a liquid (or of a gas) of the forces that 
are f^r the moment acting on it to restrain or balance its own in¬ 
herent mobility * In an organism, great nr small, it k not merely 
the nature of die motions of the living substance that we must 
interpret in terms of force {according to kinetics), but also the con¬ 
formation of the organism itself, whose permanence or equilibrium 
is explained by (he interaction or balance of forces, as described in 
statics. 

If we look at the living cell of an Amoeba or a Spirogyra, we see 
a something which exhibits certain active movements ami a certain 
fluctuating, or more or less lasting, form; and its form nt a given 
moment, just like its motions, is to be investigated by the help of 
physical methods and explained by the invocation of the mathe¬ 
matical conception of force. 
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Kow, the state, including the shape or form, of e portion of matter 
is the resultant of a number of forces which represent or symbolize 
the manifestations of various kinds of energy- and it is obvious, 
accordingly, that a great part of physical science must be under¬ 
stood or taken for granted as tlia necessary preliminary to the dis¬ 
cussion on which wo are engaged. 

I am not going to attempt to deal with or even to enumerate 
all the physical forces or tho properties of matter with, which the 
pursuit of'this subject would oblige us to deal—with gravity, pres* 
sure, cohesion, friction, viscosity, elasticity, diffusion, and all the 
rest of the physical factors that have a bearing on nur problem. I 
propose only to take one or two illustrations from the subject of 
surface tension, which subject has already so largely engaged the 
attention of tlio physiologists. Nor will I even attempt to sketch 
the general nature of the phenomenon, but will only state a few of 
its physical manifestations or law's. Of these tho most essential 
foots for us are as follows: Surface tension U manifested only in 
fluid or semifluid bodies, and only at tho surface of these, though 
we may have to interpret surface in a liberal sense in cases where 
the interior of the mass is other than homogeneous. Secondly, a 
fluid may, according to the nature of the substance with which it is 
in contact, or, more strictly speaking, according to tho distribution 
of energy in tho system to which it belongs, tend either to spread 
itself out in a film or, conversely, to contract into a drop, striving 
in tho latter case to reduce its surface to a minimal area. Thirdly, 
when three substances are in contact and subject to surface tension, 
as when water surrounds a drop of protoplasm in contact with a 
solid, then at any anti every point of contact certain definite angles 
of equilibrium are set up and maintained between the three bodies, 
which angles are proportionate to the magnitudes of the surface ten- 
morn existing between the three. Fourthly, a fluid film can only 
remain in equilibrium when its curvature is everywhere constant. 
Fifthly, the only surfaces of revolution which meet this condition 
are six itl number, of which the plane, tho sphere, the cylinder, and 
the so-called unduloid and catcnoid are important for us. Sixthly, 
the cylinder can nut remain in free equilibrium if prolonged beyond 
a length equal to its own circumference, but, passing through, the 
iinduWdt tends to break up into spheres, though this limitation may 
be counteracted or relaxed, for instance, by viscosity. Finally, we 
have tho curious fact that in a complex system of films, auch as a 
homogeneous froth of bubbles, three partition walls and no more 
always meet at a crest, at equal angles, as, for instance, in the very 
simple case of u layer of uniform hexagonal cells; and tin a solid 
system) the crests,* which may bo straight or curved, always meet, 
also at equal angles, four by four, in a common point. From these 
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physical facts or laws the morphologist as well os the physiologist 
muy draw important consequences. 

It was Ilofmeister who first showed, more than 40 years ago, 
Lhat when any drop of protoplasm, either over all its surface or at 
some free end (as at the tip of the pseudo podium of an amoeba), is 
seen to **round itself efT* that is not the effort of physiological or 
vital contractility, but h a simple consequence of surface tension— 
of the law of the minimal surface; and on the physiological side, 
Engelmarm, BtttsC-hli, and others have gone far in their development 
of the idea, Plateau, I think, was the first to show that the myriad 
sticky drops or bends upon the weft of a spider's web, their form, 
their size, their distance apart s and the presence of the liny inter¬ 
mediate drops between, were in every detail explicable as the result 
of surface tension* through the law of minimal surface and through 
the corollary to it which defines the limits of stability of the cylinder; 
and, accordingly r that with their production the will or effort or 
intelligence of the spider had nothing to do. The beaded form of a 
long* thin pseudopodituxt, for ins Lance, uf a Hdiozoan, is an identical 
phenomenon. It was Errors who first conceived the idea that not 
only tho naked surface of the cell but the contiguous surfaces of 
two naked celb, or the delicate incipient eel 1 membrane nr cell wall 
between, might be regarded as a weightless film whoso position and 
form were assumed in obedience to surface tension. And it was he 
who fust showed that the symmetrical forms of tho unicellular and 
simpler multicellular organisms, up to the point where the develop¬ 
ment of a skeleton complicates the case* were one and ail identical 
with the plane, sphere, cylinder, unduloid, and caienoid, or with 
combinations of these* Berthold and Errera almost simultaneously 
showed (the former in far tho greater detail) that in a plant each 
new edl partition follows the law of minimal surface and tends {so* 
cording to another Jaw, which I Imvo not particularized) to set itself 
at right angles lo the preceding solidified wall* so giving n simple 
and adequate physical explanaiion of what Sachs had stated as an 
empirical morphological rule. And Berthold further showed how, 
when the cell partition woa curved, its precise curvature, as well as 
its position, was in accordance with physical law. 

There are a vast number of other things that we can satisfactorily 
explain on tho same principle and by the same laws. Tho beautiful 
catenary curve of the edge of the pseudopodium, as it creeps tip its 
axial rod in a Heliozoan or a Radhlarkn, the hexagonal mesh of 
bubbles or vacuoles on the surface of the same creatures, the form 
of the little groove that runs round the waist of a Poridiuku even 
(as I believe) the existence, form and unriul&tory movements of the 
undulatory membrane of a Trypanosome, or of that around the tail 
of the spermatozoon of a newt— every one of these, I declare, is a 
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case whore the res u It ant form can ho well explained by, and can not 
possibly be understood without, the phenomena of surface tension. 
Indeed, in many of tho simpler cases, the facta arc so well explained 
by surface tension that it is difficult to find place for a conflicting, 
much less an overriding force. 

I believe, for my own part, that even the beautiful and varied 
forms of the faraminifera may be ascribed to tho same cause, but 
bero the problem is a little more complex, by reason of the successive 
consolidations of the shell. Suppose the first cell or chamber to be 
funned, assuming its globular shape in obedience to our law, and 
then to secrete its calcareous envelope. The new growing bud of 
protoplasm, accumulating outside the shell, will, in strict accordance 
with the surface tensions concerned, either fail to "wet” or to adhere 
to the first-formed shell, and will so detach itself as a unicellular indi¬ 
vidual (OrfoiliTvi ); or else it will flow over a less or greater part of 
tho original shell, until its free surface meets it At the required angle 
of equilibrium. Then, according to this angle, the second chamber 
may happen to bo all but detached (GfoM^ertna), or, with ell inter* 
tiled In is degrees, may very nearly wholly enwrap the first. Take 
any specific angle of contact, and presume the same conditions to 
be maintained, and therefore the same angle to be repeated as cadi, 
successive chamber follows on the one before; and you will thereby 
build up regular forms, spiral or alternate, that correspond with 
marvelous accuracy to tho actual forms of tho fnraminifern. And 
tills case is all tho more interesting, because the allied and successive 
forms so obtained differ only in degree. In the magnitude of a single 
physical or mathematical factor; in other words, we got not only 
individual phenomena, but lines of apparent orthogenesis, that seem 
explicable by physical laws, and attributable to the continuity 
between successive states in the continuous or gradual variations of 
a physical condition. The resemblance between allied and related 
forms, as Hartmann demonstrated, and Gianl admitted years ago, 
U not always, however often, to bo explained by common descent 
and parentage. 1 

In tiie segmenting egg wo have the simpler phenomenon of n 
lominarsystem, uncomplicated by the presence of a solid framework; 
and here, in the earliest stages of segmentation, it is easy to see the 
correspondence of Uio planes of division with What the laws of surface 
tension demand. For instance, it is not the case (though the ele¬ 
mentary books often represent it so) tliat when the totally segment¬ 
ing egg has divided into four segments, these ever remain in contact 
at a single point; the arrangement would be unstable, and the position 
untenable. But the Jaws of surface tension are at once seen to be 
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obeyed, when wo recognize the litllo creas-furrow that separates the 
blostomcres, two and two, louring in each case throe only to meet at 
u point in our diagram, which point is in reality a motion of a ridge or 
crest. 

Very few liar© tried, and one or two (I know) have tried and not 
succeeded, to trace the action and the effects of surface tension in 
the case of o highly complicated, rnultiscgmentcd egg. But it is not 
surprising if the difficulties which such a cose presents appear to be 
formidable. Even the conformation of the interior of a soap froth, 
though absolutely conditioned by surface tension, presents great 
difficulties, and it was only in the last years of Lord Kelvin’s life 
tlmt he si mweil all previous workers to have been in error regarding 
the form of the interior cells. 

But what for us docs all this amount to 1 It at least suggests tlw> 
possibility of so far supporting the observed facts of organic form ou 
mathematical principles as to bring morphology witlrin or very near 
to Kant’s demamt that a true natural science should be justified by 
its relation to mathematics. 1 But if wo were to cany these principles 
further and to succeed in proving them applicable in detail, even to 
the showing that the manifold segmentation of the egg was but an 
exquisite froth, would it wholly revolutionize our biological ideas 1 
It would greatly modify some of them, and some of the most cherished 
ideas of the majority of embryologists; but I tliink that the way is 
already paved for some such modification. When Laeb and others 
have shown us that half, or even a small portion of an egg, or a single 
one of its many blastoepheres, can give rise to an entire embryo, and 
that in some cases any part of the ovum can originate any part of 
the organism, surely our eyes are turned to the energies inherent in 
the matter of the egg toot to speak of a presiding ©ntolcchy), and 
away from its original format opera lions of division. Sedgwick has 
told us for many years that we look too much to tlio individuality of 
the individual celt, and that the organism, at least in the embryonic 
body, is a continuous syncytium. 3lofmeister and Sadis have 
repeatedly told us that in the plant, the growth of the mass, the 
growth of the organ, is the primary fact; and Bo Baiy has summed 
up tiie matter in his aphorism, Dio Mans® bil<lot Zollcn, uielil die 
Zello biUlet Pfianzcn, .Vnd in many other ways the extreme position 
of the cell theory, that the cells are tho ulimale individuals, and 
that the organism in but a colony of quasi independent cells, has of 
Jute yearn been called in question. 

There are no problems connected with morphology that appeal so 
closely to my mind, or to my tcmiwrament, as those that are related 
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to mechanical considerations, to mathematical Jaws, or to physical 
and chemical processes, 

T love to think of the logarithmic spiral that is engraven over the , 
grave of that great anatomist, John Goo Hair (a> it was over that, of 
the greatest of the Bernouillis), so graven because it interprets the 
form of every molluscan shell, of tusk and horn and claw, ami many 
another organic form besides. 1 like to dwell upon those lines of 
mechanical stress and strain in a bone, that give it its strength 
where strength is required, that Hermann Meyer ant! J. Wolff 
described, and on which Roux has bestowed some of his most 
thoughtful work; or on the kindred conformations that Schwcndenor, 
botanist and engineer, demonstrated in the plant; or on the “stream- 
li ncs » in the bodily form of fish or bird, from which the naval archi¬ 
tect and the aviator have learned so much. I admire that old paper 
of Peter Harting’s, in which he paved the way for investigation of 
tlio origin of spicules, and of all the questions of cn’slallustion or 
pseudocrystalliscation in presence of colloids, on which subject 
Lehmann has written his recent and beautiful book. I sympathise 
with the efforts of Ilonklng, R humbler, 1 faring, Gallardo, Loduc. 
and others to explain on physical lines tbo phenomena of nuclear 
division. And, as 1 have said, I believe that the forces of surface 
tension, elasticity, end pressure are adequate to account for a great 
multitude of tha simpler phenomena, and the permutations and 
combinations thereof, that are illustrated in organic form. 

I might well have devoted this essay to these questions, find to 
these alone. Rut I was loath to do so, Jest I should scorn to overrate 
their importance and to appear to you as an advocate of a purely 
mechanic id biology. 1 believe all these phenomena to have been 
unduly neglected, and to call for more attention than they liaTe 
received, but I know well that though we push such explanations to 
the uttermost and learn much in the so doing, they will not touch 
the heart of the great problems that lie deeper than the physical 
plane. Over the ultimate problems and causes of vitality wo shall 
be left wondering still. 

To a matt of letters and the world like Addison, it came os a sort 
of revelation that light and color were not objective things but 
subjective, and that back of them lay only motion or vibration, some 
simple activity. And when ho wrote his essay on these startling 
disci ivories, ho found for it, from Ovid, a motto wall worth bearing 
in mind, causa Intel, vis esfc jiotissima. We may with advantage 
recollect it when we seek and find the force that produces a direct 
effect, but stand in utter perplexity before the manifold and trans¬ 
cendent meanings of that great word cause. 

The similarity between organic forms and those that physical 
agencies are competent to produce fltill leads some men, such as 
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Stephana Leduc, lo doubt or to deny that there is any gulf between 
and to bold that spontaneous generation or the artificial iron lion of 
, the living is but a footstep away. Others, like Deluge and many 
more, see in the contents of the cell only a complicated chemistry 
and in variation only a change in tlio nature and arrangement of the 
chemical constituents. They either cling to a belief in “heredity’' 
or dike Deluge himself) replace it more or less completely by the 
effects of functional use and by chemical stimulation from without 
aud from witfiin. Yet others, like Felix Auerbach, still holding to a 
physical or quasi physical theory of life, believe that in the living 
body the dissipation of energy is controlled by a guiding principle, ns 
though by Clerk Maxwell’s demons; that for the Jiving the Jaw of 
entropy is thereby reversed; and that life itself is that which has 
been evolved to counteract and battle with tho dissipation of energy. 
Berlhold, who fmst demonstrated the obedience to physical laws in 
the fundamental phenomena of dm dividing cell or segmenting egg, 
recognizes, almost itl the words of John Hunter, a quality in the living 
protoplasm, sui generis, whereby its maintenance, increase, and repro¬ 
duction are achieved, Driesch, who began as a 11 mechanist, 1 ’ now, 
as we have seen, harks back straight to Aristotle, to a twin or triple 
doctrine of tho soul. And Bergson, rising into heights of metaphysics 
where tho biologist, quit biologist, c an not climb, tells us (like Duran) 
that life transcends teleology, that the conceptions of mechanism 
and finality fall to satisfy, and tliat only “in the absolute do we live 
and move and have our being." 

We end but a little way from where we began. 

With all the growth of knowledge, with all the help of nil the sciences 
impinging on our own, it is yet manifest, X think, that the biologists 
of to-day are in no self-satisfied and exultant mood. The reasons 
that for a time contented a past generation call forreinquuy, and out 
of the old solutions new questions emerge, and the ultimate problems 
are as inscrutable as of old. That wlut-h, above alt things, we would 
explain battles explanation; and that tho living organism is a living 
organism tends to reassert itself as the biologist’s fundamental con¬ 
cept ion and fact. Nor will even this concept serve us and suffice us 
when we approach the problems of consciousness anil intelligence and 
the mystery of the reasoning soul; for these things are not for t lie 
biologist at all, but constitute the psychologist's scientific domain. 

In wonderment, says Aristotle, does philosophy begin, 1 and more 
than once he repeats the saying and more than once be rings the 
changes on the theme. Now, as In the beginning, wonderment and 
admiration are (he portion of the biologist , os of all those who con¬ 
template tho heavens and the earth, the sea, and all that in them is. 
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And if wonderment springs, as again Aristotle tells us, from ignor¬ 
ance of the causes of tilings, it does not cease when we have traced 
and discovered the proximate causes, the physical causes, iho efficient 
causes of our phenomena. For behind and remote from physical 
causation lies the end, the final cause of the philosopher, the reason 
why, in the which (ire hidden the problems of organic harmony and 
autonomy, and the mysteries of apparent purpose, adaptation, 
fitness, and design. Here, in the region of teleology, the plain 
rationalism that guided us through the physical facta and causes 
begins to disappoint- us, and intuition, whielt is of close kin to faith, 
begins to make herself heard* 

And so it is that, as in wonderment does nil philosophy begin, so 
in amazement does Plato teach us that all our philosophy comes to 
an end. 1 Ever and unou, in presence of the magnolia naturae, we 
feel inclined to say with the poet, 

ft} fdp Tt vjv ft Handle, uii’ iti 
Z'j zwxtt, icaaSiif eWev if few tydug* 

'These things ofe not of to-day nor yesterday, but evermore, and no 
man knownth whence they came/ 

I will not quote Iho noblest words of aU that come into my mind, 
bul oulv the lesser language of another of the greatest of the Greeks: 
“The ways of IBs thoughts are as paths in n wood thick with leaves, 
and one seetk through them but a little way,’ 1 
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A HISTORY OF CERTAIN' GREAT HORNED OWLS, * 1 

[With S pliiet.] 


By ('llAULKH U. IvEYlS, 


My exMifences with threat homed owls [Bubo virquiianm, rape?- 
t iflllv with ji pair under rav observation for several years, have often 
su^fsti’d a contrast nml comparison with Mr. Fuilcj r 3 work cm the 
California condor. In several respects our subjects end experiences 
show a certain broad resemblance. Both birds belong to the family 
of birds of prev, the one luring the latest of the North American vul¬ 
tures, the other the greatest of all the owls. The condor has passed 
into legend and literature as the largest bird of llight and the most 
graceful when on the wing; the great horned owl occupies n place no 
less important iu legend and literature as the symbol of brooding wis¬ 
dom and solemn mystery. In hot h uur studies, too, the rare privilege 
was enjoyed of extending our observations over the whole home period 
or the hint's life, from the eggs in the nest to the young ready for their 
first excursion into tho outside world. 

In most respects, however, our stories are as much in contrast as 
limv could well ho. The condor * had their home in one of tlie wildest 
and most inaccessible of Californian mountain regions; from their nest 
rim the owls could lookout upon five farmhouses, with their numerous 
out building?, and one schoolhouse, all within a radius of 500 yards, 
and all neighbors of other homesteads and schoothouses set down 
in the very peaceful and nomnountainous State of Iowa. The con¬ 
dors, in their wild environment, were tame and well-disposed from the 
first and grew constantly more docile us the study of their home life 
proceeded, proving to be, apparently, the gentlest of all the raptorial 
birds; the great homed owls, with surroundings that would seem to 
teach peace, had bad dispositions to begin with, and three con¬ 
stantly grew worse, until, after six weeks of suspense and with tho 
longest of our claw marks still unhealed, mv assistant and I felt a 
sense of relief when the young owls finally took to the tree tops, 
leaving us with fairly whole physiognomies and the feeling that we 
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litiJ done the best we could, under the circumstance^ to preserve the 
record of an unusual sot of condition*. The great homed owls had 
proved to be P without much doubt, the her test of all the birds of prey- 
In one further respect, unfortunately, our experiences were in contrast 
to those of Mr. Finley and Mr + Bohlman. We found it impossible, 
by any means at our command, to secure satisfactory negatives of Lhe 
adult birds. 1 We were unable to take them at distances of less than 30 
feet, and in every rase they so blended with their background of gray 
bark, or gray bark and patches of snow, as not to be worth while* 
We regretted our inability to try the efFect of a blind to operate 
from, but the mechanical difficulties m the way of such an attempt 
demanded more time for their solution than we had to give + We 
therefore gave our attention Lo the nest and contents, or rather as 
much attention as the old birds would allow us to give/ As the 
adults were necessarily much under observation, it h hoped that a 
record of Hi* ir conduct may add some interest to the present article. 

The beautiful deciduous forest, stretching for miles along the 
north bluffs of the Cedar River to the west of Mount Vernon, had 
by 1890 been reduced to various detached groves of from 10 to 100 
or more acres each in extent. About February of this latter year I 
was hunting through one of the larger of these groves, which P if one 
struck straight across the fields, was only a mile and a half from town. 
I remember watching the short, uneasy flights of a great homed owl, 
but without locating his mate. I also remember talking with Mr. 
McFarland, a sturdy Scotchman who has occupied Ms homestead 
just across the road front the owls’ hunting grounds since the early 
fifties, and learning that “big hoot owh have always been In that 
timber. 1 ' Soon after the great oaks and hard maples of the eastern 
two-thirds of the grove feO under the leaving to the west only a 
25-acre remnant and, in the cut-over area, only some old white elms 
and a few young maples and lindens. Among these latter the forest 
Guil soon gave way to a thick carpet of blue grass, and so what had been 
heavy forest was gradually transformed into a rather open and still 
very beautiful timber pasture. It was taken for granted that the 
owls had moved else where p and for a series of years what had been 
famous Sugar Grove was practically forgotten. From 1901 on, how¬ 
ever, iuy w ay several limes led across the pasture and into the timber 
tract, and I was surprised to note there each time the presence of 
great horned owls. Gnee or twice I even took some pains to find a 
possible nesting site* There appeared to be none, so I concluded 
that the owls were merely transients. On February 6, 1906, just at 
nightfall a friend and I were walking along the public highway which 

1 Th# portrait of (be adult owl ibawn brfcwfUi (pi- 2,3m Ukra eeraii yvm Bfo from ■ Ctan^mcii 
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forms the north boundary of the pasture and the woods. Suddenly 
tho hooting of big owls boomed out from a near-by linden of the timber 
pasture* and there, sure enough, were both birds engaged in ardent 
courtship and not minding our presence in the least. They stood 
facing each other on the same branch ttnd r with feathers ruffled and 
heads bobbing, were hooting in low tones as they side-stepped toward 
one another and greeted one another with low bows. Finally they 
flow away, side by side* into the timber tract. That these were 
transient birds was beyond belief; so, on February 17 p after allowing 
what seemed to be a fair margin of time, I decided to give the vicinity 
a thorough search. To make the story short, the nest was at last found 
in the very place where previously it had not seemed worth while to 
look. It was not in the heavy timber at all, but hi one of tho large 
elros of 'the pasture, and, moreover hardly more than 50 yards 
removed from the above-mentioned public road where teams were 
constantly passing. Toward the south the view was wild, open, and 
picturesque enough; to the west, north, and east, at distances varying 
from 200 to 509 yards, were the schoolhouse and farmhouses* as above 
stated. 

A more fortunate set of conditions for the study of the owls' home 
life could hardly be hoped for. The short distance from town has 
already been indicated. The nest was in a large shallow hollow, 
28 by 32 inches in diameter at the bottom, with an entrance 18 by 20 
inches in diameter set at m\ angle of 45° and facing toward the south¬ 
east. The hollow was only 8 inches deep on the exposed side, thus 
permitting fairly good illumination. Of still more importance tho 
nest site was only 22 feet from the ground and a strategic branch 
some ►Vfert above the nest afforded a point of attachment for n ladder 
combination from which pictures might be taken. As groat homed 
owls generally make use of old hawks 1 nests placed in the tops of the 
largest trees the good fortune of this modest elevation can readily 
bo appreciated. At the very moment when this nest was discovered 
n second pair of these birds was domiciled in a redtaU's nest placed 
in a tall white elm in heavy timber 3J miles to the northwest and just 
OJ feet above the ground. Further, the proximity of farmhouses 
made certain the necessary supply of ladders and ropes. Mr. Bene¬ 
dict, who lived just across the road and only 200 yards to tho east, 
and Mr. McFarland, whose house stood only 75 yards farther to 
the enst p were our interested and generous benefactors. Our oppor¬ 
tunities were indeed great and, as I said, wo greatly regretted our 
inability to make better use of them. 

Tho weather on February 17 was fairly moderate, with tho snow 
melting slightly* though the preceding days from February b had 
been stormy enough, with temperatures as severe as 10 below zero. 
But the sitting bird was wonderfully protected from the storm 
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wintk of tho north and west and flushed from throe largo perfect eggs 
that lay in a slight hollow of tho decayed wood on the north side 
of tho cavity. It seemed to me out of the question, with such tempcr- 
attires as February and March were sure to bring, to obtain any 
pictures without having the owls put their date a little later in the 
season; so, alter a little quick thought, I pocketed these eggs and 
went homo. My conviction that the owls would not abandon so 
ideal a site after a probable occupancy o! years was fully confirmed 
when, on March 23, three more eggs wore found, just like the first 
and lying in exactly tho same little hollow. 

Sat urday, April 7, was the first warm day of spring. On this day 
Mr. W. W. White, a student in Cornell College, and I made tho first 
attempts to secure pictures of the owls’ home and surroundings. 
Mr. White's ingenuity proved greater than m3 T own and to him are to 
be credited the scheme for getting a camera within range of the neat 
and the successful picture of the eggs in situ. He also took the front 
view of the nest tree, looking northwest and showing the general 
situation and the interesting structure of tho big elm itself. I merely 
helped him with tho necessary ladders and ropes. Our two 20-foot 
ladders, lashed together and drawn up with a guy rope so us to rest 
on the aforesaid strategic branch, made anything but a solid founda¬ 
tion from which to work. Nevertheless all tho near views of tho 
nest were taken from this unsteady perch, the camera being tied 
with strings to tho sides and rungs of the topmost ladder. 

On April 14 two young were found hi the nest and the remaining 
egg was much pipped. Both young were entirely blind and only 
one gave much sign of life. This was done by uttering a querulous 
little note somewhat like that of a veiy young chicken when-excited 
but not sufficiently frightened to peep. Tho older one was able to 
hold its head up slightly while the smaller was entirely helpless. 
Both shivered as if from cold, tho duy being cool and showery. 
In tho nest cavity were a headless bobwhite and tho hind parts of an 
adult cottontail rabbit. The weather conditions prevented our 
trying to secure a negative. On April 19 only two young were found 
in the nest, with nothing at all to indicate the fate of the third egg. 
The young appeared quite lifeless, allowing their bills, which were of 
a slaty color with darker tips, to rest in tho decayed wood of the nest 
bottom. Tho feather sheaths were pushing out on the dorsal and 
scapular tracts, and at the tips of these the brown juvenile plumage 
was beginning to show. The primary quills were also sprouting but 
the feathers themselves were still entirely concealed. The nest 
cavity contained a headless adult rabbit and a headless coot, also the 
hind parts of a voting rabbit about the size of a striped gopher. No 
assistant was available on this day. On April 21 the young showed 
very noticeable increase in size, tho brown feathers now showing 
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all over the dorsal and scapular areas. The eyes had partially opened 
in the form of a rather narrow ellipse. Still quite listless the young 
emitted the querulous note m described but did not snap their 
mandibles. The view inside the nest hollow was rather a pitiful one, 
in addition to half a coot and half a rabbit (probably the leavings of 
two days before) there lay scattered about four young: cottontails 
hardly ns largo as an adult striped gopher. Two were whole, one 
headless, and only the hind parts of the fourth remained. A high 
wind and a chilly day caused Mr. White and me to lose this extraordi¬ 
nary picture* By April 26 the eyes of the young birds were nearly 
or quite open, the iris being of a milky yellow or light lemon yellow. 
The mandibles, which were now grayish yellow in color, were snapped 
vigorously. The primary quills were an inch and a half long, the 
feathers just beginning to show at the tips. The food in the nest 
consisted of the hind parts of an adult cottontail, an entire striped 
gopher and a headless bob white. Various feathers of a flicker aiso 
indicated a capture of thh speciea, ! was again without an Assistant. 
On April 2S, with the help of Mr- George If. Burge. 1 was able to 
repeat Mr, White's performance of three weeks before and get a 
successful negative of the nest and contents* The young were now 
2 weeks old, still quite drowsy and inert, and entirely disinclined to 
open their eyes toward the light. The only food in the nest was the 
hind quarters of an adult cot tout nib 

Thus, for 1906„ weather conditions thought to be insuperable and 
frequent inability to get a helper when one was needed had permitted 
a net return of only three good negatives. Further trips were made 
alone to the owls 1 homo and a few further observe lions recorded. 
By May 9 the young seemed to have doubled in size and were wide¬ 
awake and combative. In size they were even then, at 34 weeks, m 
large in appearance as a two-thirds grown Plymouth Rock hen. hi 
the nest lay the hind quarters of an adult rabbit, a headless young 
rabbit about one-third grown, and a large headless brown rat. 
Being away from town myself, on May 16 Mr, White, with a student 
assistant, went to the timber pasture intending to secure a fourth 
picture. The nest was found empty, the owlets having occupied it 
this reason only about 4 weeks. Soon after that, as I learned from 
otto of the neighbors, two little girls gathering flowers in the Umber 
tract came across both owlets as they were scrambling along the 
ground and evidently still unable to fly. The giris reported the 
strange creatures to a lured man who was temporarily in the neighbor¬ 
hood ami ho hunted up the 11 varmints 11 and clubbed them to death* 
The real neighbors of the owls would not have done this. They were 
all interested in the big birds and all reported that their large flecks 
of chickens had not suffered from their presence. 
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A further word should bo added on the behavior of the adult birds 
during the first season. With two of us at tho nest their demonstra¬ 
tions, although energetic enough, never proved dangerous. Both 
birds merely came near, flying back and forth at distances varying 
from 30 to 100 feel, snapping their mandibles, ruffling their feathers, 
and hooting out vigorous protests. It was different when one person 
was at the nest alone. On April 26 I bad arrived at lire old elm 
about 20 minutes ahead of Mr. Burge and, standing on tho next to 
the top round of a 20-font ladder, was making some examination of 
tiie young and tho other contents of the nest cavity. The ladder 
necessarily stood as nearly vertical ns possible to reach the cavity at 
all mid, as the big tree was about 5 feet in diameter just below' the 
hollow. tho hold was none too secure. Fortunately a small hori- 
sontal branch shot out from the heavy trunk on the northeast side 
and against this the top 3 inches of the ladder found some support. 
Without tliis I dislike to think what might have happened when that 
stunning blow conic in from ihe south quarter. It was absolutely 
unexpected and ao violent as to leave the left ado of my head 
quite numb. With my hand I discovered that bhod was running 
down my check and a quick glance wound showed my assailant step¬ 
ping up and down on a nearby limb and dearly ready to coma again. 
Under the circumstances I slid down the ladder to firmer vantage 
ground. The slash, which began on the left cheek and ran across 
ihe left ear, was rather ugly but not dangerous. Considering the 
eight claws of a great horned owl, each lj inches in length, I had 
gotten off easily. Evidently only one daw had taken effect, the, 
curvature of the great tree trunk and my clinging position over the 
nest rim having given, doubtless, some protection. The numbness 
was probably caused by the stroke of a rushing wing. 

When on May 0 I was again compelled to visit file neat alone I 
knew what to expect and so was constantly oh my guard. About 3 
seconds' study of the young birds and nest contents was alternated 
with about the some amount of scrutiny of tho immediate horizon. 
In tliis way it was possible to define an adult owl's manner of attack. 
Three times on lids occasion one of the birds flew in from a neigh¬ 
boring tree and with strong stroke of wing came straight at my 
head. It was not at all the stoop of hawk or falcon, but rather 
the onrush of a heavy projectile with a very flat trajectory. Like a 
large projectile, too, the flight was visible and so all the more disconcert¬ 
ing; unlike a projectile, it was noiseless as a flying shadow, Audubon 
speaks of the hunting flight of tiie great horned owl us possessing 
incomparable velocity and, kind reader, I am quite ready to agree 
with liim. The big bird, perched on a branch from 30 to SO feet 
sway, first si lifts nervously from, one foot to the other, then launches 
swiftly into space- There is just time to brace oneself a little, swing 
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one's cnp 3 mid quickly duck one's head m the great missile rushes 
past- The owl fcccfss straight on her course and alights with heavy 
impact on a branch of a neighboring tree. Here she faces? about and 
very likely coixlcs straight back again* This process became finally 
a bit too exciting and, after making certain that the headless quad¬ 
ruped lying in the nest over behind the owlets was just a big house 
rat, I slipped down the ladder and went home* 

February 7, 19G7 t was cold and clear after the terrific, snowstorm 
of the night before. On tins day Jlr* James E. Smith, a young fanner 
of the vicinity who had always been interested in birds and who was 
destined to be my skillful assistant tliroughout the season, accom¬ 
panied me to the anew-covered timber pasture. As wo approached 
the nest tree of the year before a fox squirrel leaped from one of the 
am idler adjacent trees and, starting up the big dm, ran along the 
rim of the greet knothole which formed the owls' doorway and 
scampered onto a topmost branch* If the owl were at home the 
saucy follow surely passed witluji 10 inches of her face* For a moment 
we felt dubious as to the nest being occupied. As we approached the 
t ree, however, a great homed owl flew from one of Hus higher branches, 
as roused either by tho squirrel or, more likely, by out own approach. 
This was more favorable. We gave Use tree a few kicks, when the 
sitting bird hopped up lightly to the rim of the cavity, looked across 
the wliito landscape for several seconds, then spread her nearly 5 
foot of wings and flew silently away. 

Our first mistake for 1907 was in not looking into the nest on 
this first day* Our reasons for not doing so were the ljclicf that the 
set of eggs could hardly be complete at tins time and especially tho 
fear that the egg nr eggs could not stand exposure oven for a short 
time on so cold a day. My present belief is that this fear was 
unfounded. Just two days later, on February 9 t at about 3 o'clock 
in tins afternoon, I visited the nest again and found the set of three 
eggs complete. These were lying in a slight hollow us before, but as 
far back in, the cavity as possible- Except for a small space about 
the eggs the house was filled, even to the doorsdll, with snow. It 
was » picture, indeed, but one over which we did not dare tarry in 
freezing weather. All the eggs were nest stained and it did not look 
as if any one of them had been laid that day. However, this was 
uncertain, and I had lost a possible opportunity of learning just when 
the set became complete- Tins was regrettable, for no one seems to 
know the |>eriod of incubation of an egg of the great homed owl. 
The older ornithologists made their guess at 3 weeks. Bondi re inter 
expresses his belief that this period is too short and that 4 weeks is 
probably nearer to the truth- I have not determined the point, 
though my data still possesses some interest. Toward the end of the 
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month I began to visit the nest its often as possible to ascertain as 
nearly as 1 could ’when the duets appeared and how long the hatch¬ 
ing process lasted* It was not until Munch G t at 2 p. that I found 
one of the eggs pipped* a small round area no larger than a pea being 
broken. On March 7 at the same hour the broken area was the size 
of a dime. I could distinctly hear* however, several limes repeated, 
the low twittered note of the 6till imprisoned chick. The other eggs 
still diowed no sign. Bad weather and pressure of other work now 
prevented a fur ther visit until March 11 at 2.30 o'clock. Two very 
callow owlets were now in the nest and one slightly pipped egg- The 
young birds were not completely protected by their white down ns 
yet, t^ie bare skin being visible* between the tracts. On March 16 
three young owls of different sizes were found in the nest, one being 
quite markedly smaller limn tho other two. The query remains : 
How long docs it tnkc a great homed owl's egg to hatch? The above 
are the data kept and anyone can make estimates on them. It 
seems certain llmt these birds did not lay an egg of tenor than once 
in two dnys and that the period of incubation could not have been 
less than 30 days, with Urn probabilities on the side of a rather longer 
period. „ 

For our second work w T e had the experience of the first to 

go on, we were mom confident of Dm owlets' ability to bear exposure, 
and so decided to photograph thorn at least unco si week, lot the 
weather offer what it would. And tho offerings wore of sufficient 
variety* On March 16, with tho young 4, 6, and 8 dap old, approxi¬ 
mately, the temperature was well above freezing and comfort able, 

I rut wo wore unable to expose a plate until 4 p. m., the sun became 
covered with black clouds, and wo wore on the shady side of the t ree. 
We were not hopeful, but a long exposure accomplished our purposo* 
In addition to the ports of three adult cottontails and one bob white, 
which the earner a shows, a fourth rabbit and a second bob white, also 
a plump field mouse, do not appear in tho picture, being tucked away 
under the overhanging roof to the left or buried under other remains. 
It wns chilly on March 30 and n high wind was blowing iii from the 
northwest. On April 13 wo had a regular northwest gale to contend 
with and freezing temperature added. We varied our work with the 
camera by runs across the frozen limber pasture- Why it w t us that 
our negatives taken on these last two dates did not show motion we 
have never satisfactorily explained to ourselves, for only time expo¬ 
sures could be used. Certain it is that both the big elm and our 
nearly 30-foot stretch of ladder wore swaying back and forth under 
the lash of that roaring wind. The gciuto rain that was falling when, 
on April 18, Mr. Benedict helped me bring tho now lively owlets to 
the base of llie old nest tree, proved Lu be reidly no obstacle at all. 
It splashed water against the lens of the camera but the negatives 
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gave! no sign. The first fine weather of spring was calling forth tho 
backward buds of tho young hard maples when, on April 22 } tho 
owlets posed for the last time on an old oak stump, just oast of tho 
nest tree. The weather encountered cm da tea not mentioned was 
composed of variations of the above* but the rule was freezing tom« 
peratures, with high winds. Under all the conditions Lire young owls 
thrived and did not seem to mind seriously our intrusion into their 
home life. 

During the season of 1007 tho food contents found in the nest 
cavity were as follows: Five bobwhites, 2 meadow mice, 1 domestic 
pigeon, 1 flicker* 2 American coots* l king rail, 10 adult cottontails. 
This List is not, of course T an accurate account of tho various capture 
brought to the nest. It merely records what was seen there on the 
1 0 trials made. The same bird or mammal was doubtless soinclimi^ 
counted twice, and captures were in all probability brought in of 
whif-h no remnants wore seen. 1 fhictk not mere than 3 different 
bi*hwhjte£ were seen, quite likely only 2, and (lie number of cotton.- 
tails Is elLso probably too high. The fact seems to bo that both birds 
and quadrupeds of the larger size, after bring eaten from the head lo 
the tougher hind parts, were then left two or three days untouched 
and finally removed from the nest altogether. Those were not 
dropped about tho base of the tree, however, and in fact no trace of 
food renmumts was found at any time except in tho nest itself. 
That some refuse was removed from the nest seems probable from 
such facts as the following: The above-niontioned 2 bobwhitos, I 
meadow mouse* and ■ rabbits found in the nest cavity on March 1G 
wtTt' all in fairly whole condition., uwido from the heads. On March 
23t parts of 5 rabbits were found, represented by the hind quartern 
oulv, jtnd 1 hob white with the breast eaten away. These were 
mostly rather desiccated remnants and 1 took them to he, for the 
most part, leftover* from the week before. On March 3U the nest 
was entirely clean except for a freshly killed white pigeon. Generally 
speaking, the nest cavity was well kept, a fact which seemed to indi¬ 
cate removal of the excrement of the young by the old birds. 

Oar second season's active work with tho nwh was not without its 
exciting features. Twice when alone I had had, In spite of close 
watchfulness, pretty dose brushes with one of tha old birds- But it 
wits not until ilia young were removed from the nest for the last two 
attempts to get clearer pictures that there whs any real element of 
danger. With the three pugnacious owlets grouped on the ground 
at the base of the nest tree, both old birds now dosed in* teetering 
and dancing and hooting on branches about 30 feet from our bonds 
or brushing close past us as they took up new jw ted lions or sought for 
an opening. Mr. Benedict, who was my helper this time* literally 
stood guard over mo as, with camera close to the ground, I stooped 
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under the focusing cloth. Except for h h fsill-voiced jells and well- 
aimed sticks I am sure my position would have been utterly untenable. 

The 1 fist try for pictures, when tlie young were placed on the old 
stump a few feet to the east of the big elm, did not pass off ao smoothly. 
Whether the city friend who had become interested in the proceed¬ 
ings and who wlls tliis time trusted as my bodyguard was less effective 
with video and missiles than he should have been, or whether the owls 
no longer feared an ordinary demonstration, it would be hard to any* 
Two of the youngsters were idready on the oak stump and I was 
somewhere aloft in quest of tlve third. Presumably 1 was cither just 
reaching over the nest rim for the last snapping owlet or else had just 
started down with liim. My memory has never been clear on the jxlint 
nor was my excited friend ever able to elucidate fully. At any rate 
my position lor the moment must have been strategic idly bad. The 
sharp cry ^l^iofe out t? bandy gave me time to dock my head, when 
a resounding whack was administered across my shoulder:-:. This 
was not damaging, but the return stroke would come quickly and 
doubtless bo better placed* It came and I ducked again, but not 
quite far enough, or possibly not at exactly the right instant. The 
shock was profound. The Usl of damages, showed three scalp wounds 
from I inch to nearly 3 indie* in length, wMle my cap had disappeared 
entirely from the scene* This was later found under a tree some 
blindnal yard* to the south, a punctured souvenir of our last intimate 
contact with th** great homed owls. 

After each sitting the young were replaced in the nest and two 
days aftor the ^tnrmy last one,, ott April 2d, tin- house was found 
empty and the family was in the tf&etops. it will be noted that the 
owlets remained in the nest about two weeks longer in 11*07 Lhan in 
1900, One youngster was in the very top brandies of the old elm 
of Kb nativity, fully 50 feet above the deserted homo or more than 
70 feet above the ground; another was 100 yards away in the timber 
tract and some 18 feet up in a linden; both were motionless and 
inconspicuous among the budding branches. In the time at disposal 
the third brother could not. bo found- Two days before this the 
young had shown neither inclination nor ability to fly. It seems 
certain that no one of them could have mounted & vertical distance 
of i>0 feet through any power-: of Ida own. The conclusion seems 
inevitable that in some way the old birds carried the young to the 
places when I found them. But the secret belongs to the owls, for 
no one witnessed the leave-taking, 

A little more than two months passed by anil on a walk tlirough 
their now heavily full aged retreat two great heavy owls, seeminglv, 
and doubtless actually, larger than adults, were startled from the 
ground near some prostrate tree trunks, from winch they flew slow! v 
into the nearby trees. Almost at the same moment a third dropped 
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from the lower branches of an oak and took up a new position deoper 
in the shadows of the woods. So fur as mere si m was concerned the 
owlets had reached and even surpassed the adult owl estate, though 
probably still under the care and tutelage of their elders. From now 
on they would need to shrink and harden into the strength and agility 
necessary to enter the competition of adult owl life and maintain 
themselves in the general struggle for existence. 

February of I DOS again found Mr. Smith and me rapping imxiously 
at the old elm of the timber pasture. With the facilities at our dis¬ 
posal we could accomplish little more with the young birds, but 
during the year we bad formulated a plan by which there might be a 
bare possibility of securing a portrait of the old ow l as she sat within 
her doorway. Our hopes were raised by the reports of both Mr. 
Benedict and Mr. McFarland that, as the nesting season approached, 
the owls had been heard hooting os usual. Our misgivings began 
when we found piled about the nest tree the curd wood from a number 
of the neighboring young lindens. The old nest cavity was found 
empty. The owls were itbJe to endure intrusion into their home life 
for two seasons, but evidently did not take kindly to radical changes 
in their immediate environment. 

A mile west of the old home is another forest fragment of perhaps 
6€ acres and in this a pair of red-tailed hawks had built their bulky 
aerie in a tail white-ash tree, 75 feet from the ground. Following 
the custom of most of their tribe when suitable hollow trees are no 
longer to be had, tbo big owh appropriated tills new refuge and in it, 
in BpitC of rain, sleet, snow, and wind, successfully raked their brood. 
To be sure wo had no exact proof that these were the very owh with 
which we had dealt in othar years, nevertheless we felt morally certain. 
The new locality was the nearest available one and for many years, 
until IOCS* had not boasted its pair of owls* 

The years 1900 and 1010 add nothing new to tho history id the 
owls except that in the former year a January gale destroyed the neat 
in the ash tree and the valiant pair were apparently forced to a new, 
but similar, retreat. Their lustory, so for as we were coitoerncd, was 
a. closed one. I) u ring tho season of 1 DOT 1 had located Jive pairs of great 
homed owk within a radius of 7 miles of Mount Vernon, Xone of 
these could be intimately studied except the pair whose hiatoij I Imvr 
tried to trace. In Februmy of 1910 I again tried to locate breading 
birds of this species*, but without success. In spite of the big fellow* 
tenacity in dinging to a locality once chosen, in spite o! his clever¬ 
ness m escaping observation, it almost seems now that the coming 
of the shotgun army and the going of the protecting forests wore 
gradually making tbo great homed owl, along with many tmuthor 
species without which tho woods are stiller and humanity poorer, in 
tbo more settled parte of our country at least, a member of a alowlv 
vanishing race 
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PLATE 2. 



Ra 1 .—Adult Wale Great HchaeO Owl- Durind a f>Av r s 
Captivity He was Silent, Proud, and Defiant, 



Fig, 2.-A Portion of the Qwl&' Hunting Rakoe as Seen from the Public highway: 
INest tree dm Extreme Right, 
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Pl_ATE 3. 



Figl \ i.—T he Owls' Mating Time; fflOM Town the Timiaeis Tract ahd Environment a*e Etta In 

Panoramic View. 



Fig. The Old Elm with the Nest Cavity is in M-self a Natural GUfiiOSrtY; View Northwest 
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PLATE 4. 



FEBRyABY 7, \%Q? a r TMC Gray Plumage aro Whft£ Thboat Patch of the Qlh Owl 

SltTlNC Oh T H £. Rrw OF TH£ NEoT G*VLtY BlERO PERFECTLY WfTH THE BAft* AMD 

Show, 
















Plate. G 



i ,-mahch 16, 1907; where THE Deas *«£ Mon* h* Ev.mnce than the living; Owlets 4, 

6, AND 3 DAVt- Omx 



C-,^ q _Uioru 1^117: OWLETS Ifl, 20, and 22 Days Old. 
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Plate 6. 



Fia. 1 .—April 13 f 1907; Age of Owlets, 32 n 34 r and 36 Days, 



Fhs. 2 + -April 18, 1907; At the Ba eeqf the Old Nest Tree; Young 37, 39. and 41 Days Old. 
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PlATE ?. 



FtfX 1.—April 22, 1907; Dorsal, a ns Lateral Views- Ages 41 „ 43 „ ano 

45 Davs, 



Fkl 2,— April £2 1907; A frontal Vr&w; Two Days Later All were in 
The Tree Tqf*. 
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TtHE Owl H GW* OF 1903; A Vasn Lems Aloft. 


PLATL 3. 











Tire PASSENGER PIGEON, 

[With I rcdaml pi me.) 


Acra train by Paint K.msi (175S) and Jons hup Auduoqh (IM1J. 


[The fanner habitat <d the passenger pigeon {mEfm£artM*}af gfotm by I he 
American, flifliiki agiiita* Union check list (third edition, I910T is as follow*; 

*'Bred formerly from middle wartem. Mflektumo, ^antral K^wajin^coiilralQuebec, 
and Nova Scotia south to Kansas, Miou&dppL Funii±?ylvjiiiiii T and New York; win¬ 
tered principally from Arkansas imd North * 'aroliaa. south to central Tnx^q, Louisiana, 
and Florida; enAtiaJ in Cuba, eastern Mexico,, nod Nevada; now probably extinct," 
There-te one living- third bit. This b> In the Cincinnati Zodiacal Garde us. 

The ClUi-ra of llie eXtortuinMLrus of thus pigeon nro rh icily the fticed of dvfRnd 
man. The destrnrtlen of foreut* within its range greuriy reduced its natural fond 
supply, and the killing (by netting, ahoodng, stubbing. <-?i- d oE Gnormteu quantitia 
in the end produced lhe some effect u with the bison. When these pigeons were still 
numerous great numbers were used in trap sboodeg. 

In a wild state the pigeon became extinct shout the year 1000—possibly u four 
lingered oiler that date, yet Muralmn* <p r 02) that a total of 1,000,000,00(1 

were killed In the Michigan xx ncfFtmg ir of 1873. | 

I,—A DESCRIPTION OF TDK WILD PIGEONS WHICH VISIT THE SOUTH¬ 
ERN ENGLISH COLONIES IN NORTH AMERICA, DURING CERTAIN 
YEARS. IN INCREDIBLE MULTITUDES. 

By Fzira kalm( i my * 

In North America there is ft species of wild pigeons 1 which, com¬ 
ing from the upi>cr part of the country, visits Pennsylvania and 
others of the southern English settlements during soma years, and 
in marvelous multitudes. 

They have, however, already been described and exceedingly well 
illustrated in lively colors by the two great ornithologists and match- 

1 Rfadkrs wt&hlnx Ui rurro* the fqnbcf ilmuld nuuqlf W_ a. Venton'* book, Tb-.*- 

HgfOfi, lfl0i,'N*w Varlfrom whlrh tiro wkiro! pUta ImrtLb b wproluwL 
1 TrandiUd by a il- Oraabcr^r from Kangt. V^fQa^.UjjtcjEilffii Ifandllapir, ffn w [7&. VoL 
a>. atotfcbotai,. \T3i Et^firtus-^J by ptrmlBl&a \t- tn Tbr Aui P Val. E*. /»n , (ail, 

«Tbp luma ^Tfa by oniEl^^ia tad atbpm Ur tbrar pi^cu am u fcllowi: 

O^HUTla (iue»kn) RtMld CfclW^ftTRiJ ptdute putpuntrar^f*. Linn, SjiE- x, T. 1, p. 1U. 

(bin rob* nrL.-nj-j.ro. Thfl ilo-vr. Edmnli'i tlMwy of JtLrtli, T. I, p. ES, L U- 

p^famAut Thr of puh|f. tohfi K*L IEin atrarollh^, Vbl. I,p. H, LSO. 

OnfvriT, Villa DM [jUftas^ wild pie-roan^, m* by tbi id M«w 

aild ptc^Eu, by lb* EajIKib to North America. 

Timrtia* by ttu* Fmch m Canada. 
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Isss masters of bird drawing, Czitesby and Edwards; but as I have 
had occasion to notice with regard to l ho description proper and 
especially as regards the living habits of Qiese pigeons various things 
which ihf^c gentlemen have either loft entirely unmeitiiuned, nr 
which at their places of resilience they have not been able properly 
to ascertain, it is my desire to deliver a short account of this subject 
before the Royal Academy of Sckncti&j using the notes from my 
American diary. 

Although these pigeons 1m vc been splendidly illustrated by ornith¬ 
ologists, they have not been able to reproduce their beautiful colors 
in true accordance with nature, in o m respect, at least; the color 
indicated on either side of the neck should extend much higher up. 
(Technical descriptions follow in Latin and are here omit ted J 

The size of these pigeons is about that of a ringdove. 

Their long tail distinguishes them from other pigeons. 

The splendid color which the male and the female have on the 
shies of the neck and even a little beyond it is :iiso peculiar in that 
the feathers in that region are us if covered with a finely resplendent 
copper [color], with el purple lint, which buck of the neck shifts 
more into green, ptirtkiilariy with reference to its position toward 
the light. Rarely is this color more finely reproduced than in this 
bird. Mr. Catesby calls it a golden color, but it can hardly be 
termed that. 

In the copy of Mr. C&tcaby's work which I have seen both the 
head and the back are of a ditrkcr color, and the breast h also of 
n redder color than the bird actually has. This \ could very well 
sec when I Said n recently killed male beside Mr. Catesby T s figure, 
its it is ihe male which is reproduced in hk work. Air. Edward 
{sic] has entirely omitted the a bove-mmitlcmod copper color both 
in his description and his figure. It may l*e that some of the young 
ones do not have it; but. it was found on all those which I have 
handled, and which were killed In the spring. 1 

Quite a number of these pigeons may be seen every summer in 
the woods of Pcimsyhvania and New Jersey and the adjoining prov¬ 
inces, in which region they live and nest; ami it is very seldom 
that a greater number of them are not observed there in the spring, 
during the months of February and March, than in the other seasons 
of the war. But there are certain years when they come to Penn¬ 
ey) van in and the stmt hern English provinces in such indescribable 
multitudes as literally to appall the people. I did not, however, 
have the opportunity of witnessing such personally (although the 
spring of the year 174§ r when 1 was there, was considered as one of 
those in which a greater number of these pigeons appeared than had 
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been the case for some years previously; yet It was not one of lIio 
particular or more unusual ones); but all persons who had observed 
these happenings and lived long enough to remember several of 
them recited several incidents connected therewith. Some had even 
made short notes of various details, of which I will cite the following: 

In the spring of 1740, on the 11th, 12th, 15th, 16th, I7lh t iSth, 
and 22d of March (old style), but more especially on the nth, there 
came from tho north an incredible multittide of these pigeons to 
Pennsylvania and New Jersey + Their number, while in flight, 
extended 3 or 4 English miles in length, and more Ilian 1 such mile 
in breadth, and they flew so closely together that the sky and the 
sun wore obscured by them, tho daylight booming sensibly dimin¬ 
ished by their shadow. 

Thn big as well as the little trees in the woods, HoimHirm^ covering 
a distance of 7 English miles, became so filled with them that hardly 
a twig or a brunch could ho seen which they did not cover; on the 
thicker brandies they had piled themselves up on one another's baok.^ 
quite about a rd high. 

When they alighted on the trees their weight was so heavy that 
not only big limbs and branches of the du of a man's thigh were 
broken straight off, hut less firmly rooted, trees broke down completely 
under the load. 

The ground below the trees where they had spent the night was 
entirely covered with their dung r winch Jay in great heaps. 

As Jioun as they had devoured tho acorns and either seeds which 
served them as food and which generally lasted only for a day, they 
moved away to another place. 

Tho Swedes and others not only killed a great number with shot¬ 
guns, but they also slow a great quantity with sticks, without anv 
particular difficulty; especially at night thoy could have dispatched 
as many as their strength would have enabled them to accomplish, 
as tho pigeons then made such a noise in tho trees that they could 
not hear whether anything dangerous to them was going on, nr 
whether there were people about, Several of the old mm assured 
mo that in the darkness they did not dare to walk beneath the trees 
where the pigeons were, because nil through tho night, owing to their 
numbers and eorrespomlmg weight, one thick and heavy branch after 
another broke asunder am! fell down, and tills could easily have 
injur oil a human being that had ventured below. 

About a week or a little later subsequent to tho disappearance of 
this enormous multitude of pigeons front Pennsylvania and New 
Jersey, a soa captain by the name of Amies, who hail just arrived at 
Philadelphia, and after him several other seafaring men, stated that 
they had found localities out at sea where tho water, to an extent of 
over 3 French miles, was entirely covered by dead pigeons of tins 
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species. It was conjectured that the pigeons, whether owing to a 
storm, mist, or snowfall, hud been carried away to the sea, and then 
on account of the darkness of the following night or from fatigue, 
had alighted on the water and in that place and manner met their 
fate. It is said tliat from that date w» such tremendous numbers of 
this species of pigeon have been seen in Pennsylvania, 

In the beginning of the month of February, about the year 1729, 
according to tlto stories told by older men, an equally count less mul¬ 
titude of these pigeons as the one Just mentioned, if not a still larger 
n mu her, arrived in Pennsylvania and New Jersey. Even <vslremolv 
aged men stated that on throe, four, five, or several more occasions 
in their lifetime they had seen such overwhelming multitudes in these 
pi nets*; and even Urn parents of these people hud in their turn told 
them that the same phenomenon had occurred several time's fluring 
their own lives; so that II, 12, or sometimes more years elapse 
between each such unusual visit of pigeons. 

From Lawson’s History of Carolina (p. 141), I see that in the winter 
of T7Q7, which was the severest known in ('imdhiu since it was settled 
by Europeans, an equally awe-inspiring number of these pigeons had 
made an appearance in Carolina and t he other southern English set¬ 
tlements, driven thither by causes width I will now mention. 

The learned and observant Dr. Coklcn told me that during Ids stay 
in North America, where ho hud been since the year J710, at his 
connin’ place, Cold Ingham, situated between Now York and Albany, 
be hud on two distinct occasions, although at an interval of several 
years, witiJessed the arrival of these pigeons in such great ami unusual 
numbers that during t wo nr three hours, while they flew by his house, 
the sky was obscured by them, and that they presented the appear¬ 
ance of a thick cloml. 

All ilia old people were of the opinion that the months of Febru¬ 
ary and .March is the single season of tlie year when the pigeons swoop 
down upon Pennsylvania and the adjacent English provinces In such 
marvelous quantities; at other seasons of the year they are not to 
bo seen in any great numbers. 

The cause of their migrations from the upper part of the country 
hi such great quantities at tills season is twofold—first, when there is 
a failure of the crop of acorns anil other fruit in the places where tljey 
othenvi.su generally spend the winter, thus rendering their supply of 
food insufficient to last until the ensuing summer; and, second, and 
chiefly, when an unusually severe winter with abundant and long- 
remaining snow happens to occur in their customary winter haunts, 
thus covering the ground and making it impossible for them to secure 
the acorns, beechnuts, and other fruit and seeds on which they otherwise 
feed at this season; in such cases they are forced to leave these locali¬ 
ties and seek their food down along the seueoast, where the winters, 
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owing to the sou air, are always milder, and the ground more acid 
earlier free from snow. Experience has shown that both of those 
circumstances have caused their migrations to take place in suck 
great multitudes* 

A peculiar fact, and one wlikh older persons have unanimously 
maintained to be true* b that on all occasions wliieh they could 
remember, when the pigeons appeared in such great numbers, there 
had always been during the preceding autumn, in Pennsylvania and 
adjacent localities, an abundant crop of acorns and other arboreal 
seeds, excelling that of several previous yeans; but during their stay 
the pigeons had so carefully searched and ransacked all possible nooks 
and comers that after their departure it was almost impossible to 
find a single a coni m the womb. 

Several extremely aged men also declared that during their child¬ 
hood there were, in summertime, many mow of the pigeons in N r ew 
Sweden than there are now; the cause of this is that the country h 
ut present much more populous and cultivated and the woods more 
cleared off, and as a result the pigeons have either been killed off or 
scared away* 

„4s iumrlv nil the inhabitants of Pennsylvania and the English *ot- 
tlaments in the South did not quite know whence these numberless 
swarms of pigeons cam* frem, they entreated me to ascertain, during 
my journeys in tin* interior of the country, where so many were to be 
found in summertime,, what their food and other economic require¬ 
ments were at that time of the year, and so on. During my journey 
to and within Canada 1 found the desired occasion of learning all of 
this, which l will now bridly relate. 

When toward the end of June, 1749 (new stjde), 1 had left the 
English colonies and sot out for Canada through the wildemesa which 
separates Lhn English and French colonies from each other, and 
which to a groat extent consists of thick and lofty forests, I had an 
opportunity of seeing those pigeons in countless numbers. Thcir 
young had at this time left their nests, and their great numbers dark¬ 
ened the sky wlien they occasionally rtise en moose from the treea into 
the air. In some placed the trees were full of their neats. The French- 
men whom we met in thk place bad shot & great number of them, and 
of this they gave us a goodly share. These pigeons kept up a noisy 
murmuring and cooing sound all night, during which time the trees 
were full of thorn, and it was difficult to obtain peaceful sleep on 
account of their continuous noise. In this wilderness we could hear 
in the nighttime, during the calmest weather, big trees collapsing 
in the forests, which, during the silence of the night, caused tremendous 
reports; this might in all probability bo ascribed to the pigeons, which, 
according to their custom, had loaded a tree duwn with thdr numbers 
to such an extent that it broke down; although other causes might 
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also bo foil ml p whereof more is mcutinncd in the third volume of m? 
American Journey. The additional observations which 1 lmd occa¬ 
sion to make as to their economy and manner of life t luring my stay 
in North America, both in Canada, the wilderness of the English cola- 
flies, and in the land of the savage^ arc ng follows: 

The birds spend the entire summer in Canada, and particularly do 
they nest in the vast wild forests and wastes winch abound there, 
where no tnen are to be found and where seldom any human being 
ventures. When in summer a person travels through these forests 
he might easily become terrified by tho enormous number of those 
birds, whkh in some places almost entirely cover the brunches of the 
treesj and when taking wing obscure the sky. These pigeons liave, 
however, their distinct boundaries, outside of which they do not often 
venture; as, for example, somewhat south of Bay St* Paul, which is 
20 French miles north of Quebec, not very many of them nest in the 
woods; and the cause of this is said to be tlmt the oak and the beech 
tree, which supply them with their principal food, are hero arrested 
in their growth, and grow no farther north. 

In forests where there are human settlements, or where the country 
is inhabited r only a few are to be scon; and as the land h being gradu¬ 
ally cultivated by mao the pigeons move farther away into the wilder- 
ness. It is maintained that the cause of tins br partly that tbeir 
nests and young are disturbed by boys, partly their own sense of a 
lack of safety, and finally that during a great part of the year their 
food h shared by the swine. 

They build lheir nests in high trees, pine trees as well as deciduous 
ones; often as many as -30 or GO nests are to he found in the same 
tree. 

Some maintain that they raise two broods of young every summer. 

In placid where they nest in abundance tho ground is often covered 
with their droppings to a thickness of 1 to 2 feat. 

Wilde these birds are ha Idling their young, or while the latter 
are not yet able to fly, the savages or Indians in North America 
are in the habit of never shouting or killing them, nur nF allowing 
oihetw to do so T pretending that it would be a great pity on their 
young, which would in tbit case have to starve to death. Some 
of the Frenchmen told me that they had set out with the intention 
of shooting some of them at that season of the year, but that the 
savages hail at first with kindness endeavored to dissuade them 
from such a purpose, and later added threats to their entreaties 
when the hitter were of no avail. 

In Canada it is almost everywhere the custom for young farm 
bands and boys to investigate where the pigeons have their nests, 
ami as soon as the young arc able to fly they are taken from Use 
nest and brought to the farm, where they are afterwards kept in 
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suitable quarters and industriously fed, whereupon they are killed 
and eaten. To make doubly sure that they dn not escape* one 
of their wings is generally cut short, so that even in cose they do 
get out they can not 3 y away. Such nest tings have a good appetite, 
thrive comfortably, become quite tame* and within a short time* if 
well taken care of. accumulate eo much fat thaL they afford a most 
paint a hie dish* 

For food these pigeons select the following fruits, which 1 will 
name in the order that they mature: 

Seeds of the red-flowered maple (Aw); these mature In Penn¬ 
sylvania at the end of May* but somewhat later farther north. 

Seeds of the American elm (PtertiA amerkanti); these mature in 
Pennsylvania in the beginning or middle of June, but farther north 
somewhat later. When run our journey through the wilds between 
Albany and Canada we cuL up eomc of the pigeons which the French 
bad shot and given us, their crops ware generally found to be full of 
elm seeds. 

Mul I lorries, which ripen in Pennsylvania in the beginning of June 
(new style), are relished by these pigeons almost above every tiling 
else. During my stay in the last-mentioned locality* in ] 750, I 
noticed that as soon as the mulberries became ripe the pigeons put 
in their appearance in great numbers. Wherever a mulberry tree 
grew wild it wits at this time generally full of pigeons, which devoured 
the berries. They often caused me much vexation, because if I had 
located a mulberry tree in the woods with the intention of seeming 
seeds when the berries became ripe and it should happen that I did 
not watch out for the proper time, the pigeons had generfdlv + in the 
meanwhile, been ho industrious in their picking that on my arrival 
scarcely a single berry was left. If some of them were shot the others 
generally flew away a Siitin distance, but returned within a few 
minutes to the same mulberry tree; so that u person who owned 
such trees found no difficulty to obtain daily a sufficient quantity of 
choice meat as long as the mulberries lasted* 

They consume all kinds of grain with the single exception of com, 
which is left untouched by them* although it has other enemies. 
I noticed that they were particularly fond of the following kinds of 
grain: 

They ate rye, although not tilth particular avidity* but rather 
as if in the absence of something else more palatable. Some persons 
assured mo that they had seen with their own eyes how these pigeons, 
during summer time, when they had come to a ripe wheat field, 
alighted on the fences, vomited up the rye on which they had pre¬ 
viously feasted* and then swooped down upon the wheat field* where 
they gorged their crops with wheat, as being more appetizing. 
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Wheat is one of their most coveted foods, which may ho seen 
from whal has already been stated, ns well os from many another 
experience. As soon ns the wheat fields become ripe they swoop 
down on them in enormous, numbers anil take Considerable toll 
of them. When the wheat is stacked up in the field they also visit 
it and devour all too much of it r if they should happen to ho in the 
least hungry. In the fall, when the wheat is recently sown, they 
alight in full force in the fields and not only pick up the grains which 
ore more or less in broad daylight but dsn poke up those which the 
plow has not sunk sufficiently deep. In order to prevent such a 
damage boys as well as others are seen at tins season of the year 
running around armed with guns and other “contraptions” to kill or 
scare them away. On such occasions, however, they arc not in 
general particularly timid, especially the young ones, so that when 
a few of them have beau shot at a stack the others often times fly 
away only a short distance to another stack, ami hence the gunner, 
albeit he has made some lucky shuts* generally becomes exhausted 
before the birds become scared. In Pennsylvania th s species of 
grain, as well as the rye, commonly ripens about midsummer (old style) 
and sometimes earlier, but farther north it ripens later. 

Buckwheat they are also very fond of, and levy considerable 
tribute on it. The buckwheat matures in Pennsylvania in the 
middle of September (old style). 

The berries of the tupelo or sour-gmn tree (Ny$$a) they also 
consume with great avidity. In Pennsylvania these ripen in Sep¬ 
tember. 'lids tree dots* not grow in Canada, 

Most forests in North America consist of oak; of which arboreal 
genus there are several species; of these the greater part have nearly 
every year a great number of acorns which in she autumn fall ojT in 
such quantities that quite often the* ground below t he oaks is covered 
by them one hand high and sometimes more* These serve as food 
for severed kinds of animals and birds p ns f for instance* squirrels of 
st'vend species, forest mice, wild pigeons p etc., in addition to which, 
in places inhabited by Europeans, they servo as the staple food of 
hogs during the greater part of the year* During certain years the 
numberless a worms of wild pigeons «1ready described come to Penn¬ 
sylvania and the other English provinces in search of these acorns. 
In Pennsylvatda and other local Sties in North America the acorns 
mature in September mid the following months. 

They ore ako very fond of beechnuts. There is a great abundance 
of beech trees in Canada, but farther south they grow .somewhat more 
sparsely. In Canada the nuts become ripe in the middle of Sep¬ 
tember. These, together with aroma, constitute the principal food 
of the pigeons during the entire latter part of the fall and throughout 
the winter. 
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Tn addition to the kimis already enumerated, they also consume 
various other seeds and berries of tree# and plants which grow in 
this country* 

The trees above referred to, the seeds and berries of winch tho 
pigeons are so fond of, grow in the forests of North America nearly 
even-where in great abandonee In a good many places. especially 
farther inland, oaks, elms* bewhes, and the red-flowered maple con¬ 
stitute almost alone, with the addition of the walnut tree* the entire 
forest tract. Unis it will be seen how the all-wise Creator, oven in 
the case of these birds, has so wisely ud&ptod tho she of the food sup¬ 
ply tn the number of months to be fed. 

I have also observed that the pigeons have a special fondness 
for the kind of soil which is much mixed with common salt [alka¬ 
line deposits]; this soil serves them ns food* ns a spice tn blend with 
the food, or for its medical properties, I do not know which. At 
the salt springs of Onondaga [sic], in the tribe of the Iroquois I ndians, 
where the soil is so strongly mixed with salt that the ground during 
& severe drought becomes entirely covered with it and as white as 
frost, "milking it impossible for plants to grow, 1 noticed with aston- 
ishmeni, In the month of August, 1730, how covetous the pigeons 
were of this kind of soil* Tho savages in Onondago had built their 
huts oti the sides of tins salt field, and here they had erected sloping 
nets with a cord attachment lending to tho huts where they were 
sitting; when tho pigeons arrived in a warms to oat of this $$Jty soil, 
tho savages pulled the cords, inclosing them In the net , and thus ut 
once secured the entire flock. At certain times p when they came in 
such numbers that the ground could hardly be seen for them, tha 
savages found it- more advisable to use a gun, as by a single discharge 
of birdshot they could sometimes kill ils many m BO or more; and 
this proved ll splendid source of food supply * 

These wild pigeons fiy in tho same manner as other pigeons; and 
as soon as they have alighted in a tree or other place they have a 
habit of making a clapping sound with their wings which, according 
to some, is a signal for all tho others to alight. At times, and when 
they have had sufficient food, they are quite timid, especially the 
old birds. Therefore, when one wishes to shoot them it is best to 
walk to and fro among them, on tho ground, as if one did not see 
them; then they are not so timid, nor do they take wing so soon. 

In the vast forests of Canada they remain to the end of August 
or beginning of September (new style); i. e., until the grain has 
been stored for the winter. A great number* however* remain until 
late in the autumn, when the that snow begins to fall, which finally 
drives them nil away. As their fond mostly consists of acorns, 
beechnuts* and the seeds and fruits of other trees winch become 
hidden under the snow, they are obliged to leave these places and 


410 ANNUA1, REPORT SMITHSONIAN INSTITUTION, U>11. 

betake themselves farther south, where the ground b bare all winter. 
Not one of thorn remains in Canada throughout the winter; hut they 
generally spend this season in the vast forests of the Hlmois, who 
live at about the same latitude as Pennsylvania and Virginia. They 
do not willingly migrate toward the seaboard, where the country 
has been extensively cultivated by the English, and the forests are 
much cut down; partly because they can not there secure a sufficient 
food supply, and partly to avoid running the risk of getting killed 
bv the number of people and gunners in that section. They prefer 
the vast and dense forests in the interior of the country, where thrre 
are no human habitations for many milrs around. But should it 
happen during a certain year that there is a failure of the. crop of 
acorns or other food suitable for them, or an unusually severe winter 
with great snowfall sets in. which to some extent covers the ground, 
then they are forced to leave their usual winter quarters and seek 
their way to the English settlements down the seaboard. It is on 
these occasions that they swarm Into Pennsylvania in such enor¬ 
mous numbers: but as soon as the weather changes a little and be¬ 
comes milder, they again retire farther inland. Here they remain 
until the lust snow disappears in the spring. 

As the snow gradually melts away in the spring the pigeons migrate 
farther and farther north and when northern Canada is free from 
snow, which generally occurs toward the end of April or the beg innin g 
of May, tho pigeons arrive in their old haunts and commence their 
mating, nesting, hatching of eggs, and tho rearing of their young, etc. 

The French in Canada, who annually catch a number of young 
pigeons alive which they thereafter rear at their homes, have taken 
much pains to tamo these birds, although with but little success. 
Tt b very easy, when they are kept in suitable quarters, to make them 
so tame os to feed from one’s hands, in the manner of any other 
domesticated pigeon; but as soon as they are let out into the open 
hardly a few days pass before they fly away to the woods, nevermore 
to return. It was, however, emphatically asserted that so mo hail 
succeeded in taming them to the same extent as the domesticated 
pigeons. 

As they fly in great flocks and keep close together, whet her on 
the wing, on the ground, or in the trees, so poor a marksman as to 
fail to make a hit b difficult to find. Several persons told me that 
a man who lived at Schenectady, between Albany arid Col, John- 
Bon f s farm, had killed ISO of those birds with two discharges of bird- 
ahot, and in Canada there are said to have been several coses where 
130 had been killed in a single shot. 

Their flesh is a delight to tho epicure, and especially is the meat 
of die young pigeons scarcely second in delicacy to tliat of any other 
bird. 
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The great French Admiral Marquis do la Gah-ssoniere, who in 
deep knowledge of various* science©, hut especially in natural history 
and its advancement, has had or has very few equ&b, and who at 
I ho timo of my arrival in Canada occupied the oflice of Governor 
General of that country, told me that he had once brought with him 
several of these pigeons from Canada to France, and that ho had 
allowed them to escape in the French forests. At this time he had 
" again collected a great number of live birds which, in the fall of 1749, 
he brought with him to France, inclosed in large cages, in order to 
set them free m the woods upon hia safe arrived there, with die 
intention of introducing this handsome as well as useful American 
bird into Europe. 

In addition to the authors referred to above, the following learned 
men have also mentioned something in their writings concerning 
these pigeons: P, do Charlevoix, Ilistoire de hi Nouvdle France, 
voh 5, ppp 251-252; Salmon's Modem History* vol + 3, p + 440; Wil¬ 
liams'© Key into the Language of America, p. 91. Others whose 
worts I have not had the opportunity of seeing may also have men¬ 
tioned something concerning this subject, but they have at least re¬ 
lated nothing of any particular value, 

IL—THE PASSENGER PIGEON. 

By hms James Audubon flB31) r s 

The passenger pigeon, or, as it is usually named in America* the 
wild pigeon, moves with extreme rapidity, propelling itself by quickly 
repealed Hups of the wings, w hich it brings more or less near to the 
body , according to the degree of velocity which is required. Like the 
domestic pigeon, it often flirt*, during the love season, in a circling 
manner, supporting itself with both wings angularly elevated, in which 
position it keeps them nurd it is about to alight, Now and then, 
during these circular flight©, the tips of the primary quills of each 
wing are made to strike against each other, producing a smart rap, 
which may be heard at a distance of 30 or 40 yards. Before alighting* 
the wild pigeon, like the Carolina parrot and a few' oilier species of 
birds* breaks the force of its flight by repeated flappings, m if appre¬ 
hensive of receiving injury from coming too suddenly into contact 
with the branch or the spot of ground on which it intends to settle. 

I have commenced my description or this sped lb with the above 
account of its flight, because the most impdHnnt facts connected with 
iis habits relate to its migrations* These are entirely owing to the 
necessity of procuring fond, and are not performed with the view of 
escaping l he severity of a northern latitude, or of seeking a soul hern 
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owl* lor the purpose of breeding. They consequently do not take 
place at any Used period or season of the year. Indeed, it sometimes 
happens that a continuance of a sufficient supply of food in one dis¬ 
trict will keep those birds absent from uuoihcr for years. 1 know, at 
least, to a certainty that in Kentucky they remained for several years 
constantly, and were nowhere eke to be found. They all suddenly 
disappeared ono season whan the mast was exhausted, and did not 
‘return for a long period. Similar facts hove been observed in Other * 
States. 

Their great power of flight enables them to survey and pass over an 
astonishing extent of country in a very short lime. This is proved by 
facia well know'll in America. Tints, pigeons have been killed in the 
neighborhood of New York, with their crojis full of rice, which they 
must have collected in the Helds of Georgia and Carolina, these dis¬ 
tricts being the nearest in which they could possibly have procured 
a supply of that kind of food. As their power of digestion is so great 
that they will decompose food entirely in 12 hours, they must in this 
case have traveled between 300 and 400 miles in 0 hours, which shows 
their speed to be at an average about 1 mile in a minute. A velocity 
such as* this would enable one of these birds, were it so inclined, to 
visit the European Continent in less than three days. 

This greaL power of flight is seconded by ns great a power of vision, 
which enables them, as they travel at that swift rate, to inspect the 
country below, discover Lheir food with facility, and thus attain the 
object for which lheir journey has been undertaken. This I have also 
proved to lie the cusp, by having observed them, when passing over a 
sterile part of the country, or one scantily furnished with food suited 
to them, keep high in the air, flying wilh an extended front, so as to 
enable them to survey hundreds of acres at once. On the contrary, 
when the land is richly covered with food, or tbo trees abundantly 
hung with mast, they fly low, m order to discover the part most 
plentifully supplied. 

Their body is of an elongated oval form, a teem! by a long well- 
pluined tail, and propelled by wcli-scl wings, the muscles of w hich 
are very large and powerful for the size of the bird. When an indi¬ 
vidual is see a gliding through the woods and close to the observer, it 
pacoiM like a thought, and on trying to sec it again, the eye searches in 
vain; the bird is gone. 

The multitudes of wild pigeons in our woods are astonishing. In¬ 
deed after having viewefl them so often, and under so many cir¬ 
cumstances, I even now feel inclined to pause and assure myself that 
what I am going to relate is fact. Yet I have seen It all, and that 
too in the company of persons who, like myself, were struck with 
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In the autumn of Ski^- I IcfL ray house he Ilersderaon, on the banks 
of the Ohio, on my way to Louisville* Id piling over the Barrens, a 
low miles beyond Hard ins burg, 1 observed the pigeons flying from 
northeast tu southwest in greater numbers than I thought I line) over 
seen them before, and feeling an inclination to count the flocks that 
might pass within the reach of my eye in one hour, I dismounted, 
seated myself on an eminence* and began to mark with my pencil, 
making a dot for every flock that passed* In a short time lidding the 
task which I had undertaken impracticable, as the birds poured in in 
countless multitudes, I rose, and counting the dots then put down, 
found that Hi3 had been made in 21 minutes, I traveled on, and still 
met more the farther I proceeded- The air wm literally filled with 
pigeons; the light of noonday was obscured as by an eclipse; the dung 
fell in spots, not unlike nicking finked of snow; and the continued buzz 
of wings had a tendency to lull my senses to repose, 

Whilst waiting for dinner at Youngs rnn, at the confluence of Salt- 
River with the Ohio, I saw, at my leisure, immense legions still going 
hy with a front reaching far beyond the Ohio on the west, and the 
beechwood forests directly on the cast of me* Not a single bird 
alighted; for not a nut or acorn was that i T car to be seen in the neigh¬ 
borhood. They consequently flew so high, that different trials to reach 
them Willi n capital rifle proved ineffectual; nor did the reports dis¬ 
turb them in the least. I can not describe to you the extreme beauty 
iif their amid evolutions, when a hawk chanced to press upon the rear 
of a flock. At once, like a torrent t and with a noise like thunder, they 
rushed into a compact mass, pressing upon each other toward the 
center. In these almost aolid masses, they darted forward in undula¬ 
ting and angular lines, descended and swept close over the earth with 
inconceivable vdociiy, mounted perpendicularly so as to resemble a 
vast column, and, when high, were seen wheeling and twisting within 
their continued lines, which then resembled the coils of a gigantic 
serpent. 

Before sunset I reached Louisville, distant from Harditisburg BB 
miles. The pigeons were still passing in undiminished numbers, and 
continued to do so for three days in succession* -The people were idl id 
arms. The banks of the Ohio w ere crowded with men and boys, inces¬ 
santly shooting at the pilgrims, which there flew lower as they passed 
the river. Multitudes wore thus destroyed. For a week or more* the 
population fed on no other flesh than that of pigeons, and talked of 
nothing but pigeons. The atmosphere, during this time* was sbvmgly 
impregnated with' the peculiar odor which cman a lea from the species. 

It is extremely interesting to see flock after Hock performing exac tly 
the same evolutions which had been t raced, as it were, in the all- by a 
preceding fioi;k> Thus, should a hawk have charged on a group at a 
certain spot, the angles, curves, and undulations that have been 
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described by the birds, in tbeir efforts to escape from the dreaded 
talons of tbo pltmdurer, are undoviatiiigly followed by the next group 
that comes up. Should the bystander happen to witness one of 
these affrays, and, struck with the rapidity and elegance of the 
motions exhibited, fed desirous of seeing them repeated, his wishes 
will bo gratified if he only remain in the place until the next group 
comes up. 

It may not, perhaps, be out of place to attempt an estimate nf the 
number of pigeons contained in one of those mighty flocks, and of 
tbr quantity of food daily consumed by its members, The inquiry 
will tend to show the astonishing bounty of the great Author of 
Nature in profiling for the wants of lib creatures. Let us take a 
column of I mile in breadth, which is fur below the average size, and 
suppose it. passing over us without interruption for throe houis, ai 
the rate mentioned above of 1 mile in the minute. This will give 
us a parallelogram of ISO miles by 1, covering ISO square idles. 
Allowing 2 pigeons to the square yard, we have 1,115,13(5,000 pigeons 
in one flock. As every pigeon daily consumes fully half a pint of 
food, the quantity necessary for supplying this vast multitude must 
be 8,712,000 bushels per day. 

As soon as the pigeons discover a sufficiency of food to cm ice 
them to alight, they fly round in circles, reviewing the country 
bdow. During their evolutions, on such occasions, Lhe dense mass 
which they form exhibits a beautiful appearance, as it changes its 
direction, now displaying a glistening sheet of azure, when the hacks 
of the birds come simultaneously into view, and anon, suddenly pre¬ 
senting a mass of rich deep purple. They then pass lower, over the 
woods, and for a moment are lost among the foliage, but again 
emerge, and are seen gliding aloft. They now alight, but the next 
moment, as if suddenly alarmed, they take to wing, producing by the 
Hupping* of their wings a noise like the roar of distant thunder, and 
sweep through the forests to see if danger is near. Hunger, however, 
eoon brings them to the ground. TiVhen alighted, they are seen indus¬ 
triously throwing up the withered leaves, in quest of the fallen mask 
The rear ranks era continually rising, passing over tho main body, 
anil alighting in front, in such rapid succession, thaL the whole flock 
BCems still on tho wing. The quantity of ground thus swept is astonish¬ 
ing, and so completely hns it been cleared, that the gleaner who 
might follow in their rear would find hi* labor completely lost. 
Whilst feeding, ihcir avidity is at times so great that in attempting 
to swallow a large acorn or nut they are seen gasping for a long 
while, as if in the agonies of suffocation. 

On sm-h occasions, when the woods are filled with these pigeons, 
thw are killed in immense numbers, although tin apparent diminu¬ 
tion ensues, About the niidtileof the day, after their repast is finished. 
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they settle on the trees, lo enjoy rest, and digest their food. On the 
ground they walk with ease, as well ns on the branches, frequently 
jerking their beautiful tail, and moving the neck bac kward and for- 
ward in the most graceful nionner, As the sun begins to sink 
beneath the horizon, they depart eu masse for the roosting [dace, 
which nol uii frequently is hundreds of miles distant p as has been 
aseerttuned by persons who have kept an account of their arrival* 
and depart urns. 

Let us now, kind reader, inspect their place uf nightly rendezvous. 
One of these curious roosting places, on the hanks of the Green River 
in Kentucky, I repeatedly visited. It was, as Ls always the case, in 
a portion of the forest where the trees were of great magnitude, and 
where there was Hula underwood* I rode through it upward of 40 
miles, and, crossing it in different parts, found its average breadth 
to be rather more than 3 miles. My first view of it was about a fort¬ 
night subsequent to the period when they had made choice of it, 
and I arrived there nearly two hours before sunset. Few pigeons 
wore then to be seen* but s great number of persons, with horses and 
wagons, guns and ammunition, had already established encamp¬ 
ments on the borders. Two farmcm from the vicinity of Russell¬ 
ville, distant more than 100 miles, had driven upward of 300 hogs 
to be fattened ou the pigeons which were to bo slaughtered. Here 
and there, the people employed in plucking and salting what had 
already been procured* were seen sitting in the midst of largo piles of 
these birds, The dung lay several inches deep, covering the whole 
extent of the roosting place,like a bed of snow. Many trees 2 feet 
in diameter, I observed, were broken off at no great distance from 
the ground, and the branches of many of the largest and tallest had 
given way, as if the forest bad been swept by a tornado. Evoiy thing 
proved to me that the number of binls resorting to this part of the 
forest must ho immense beyond conception. As the period of their 
arrival approached, their foes anxiously prepared to receive them. 
Some were furnished with iron pots containing sulphur, others with 
torches of pine knots * many with poles, and the rest with guns. The 
sun was lost to our view, yet not a pigeon bad arrived. Everything 
was ready, and all eyes were gazing on the clear sky, which appeared 
in glimpses amidst the tall trees. Sudderdj T there burst forth a gen¬ 
eral cry of " Hero they comef” The noise which they made, though 
yet distant, reminded me of a hard gale at sea passing through the 
rigging of a eloae^reefed vessel. As Lhc birds arrived, and passed 
over me, I fclL a current of air that; surprised mo. Thousands were 
soon knocked down by the pole men. The birds continued to pour 
in. Thu fin's were lighted, and a magnificent, as well as wonderful 
olid almost, terrifying sight, presented itself. The pigeons, arriving 
by thousands, alighted everywhere, one above another, until solid 
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musses as largo os hogsheads* were formed on the branches all round. 
Here and there the perches gave way under the weight with a crash, 
and falling to the ground, destroyed hundreds of the birds beneath, 
forcing down the dense groups with which every slick was loaded. 
It was a scene of uproar and confusion. I found it quite useless to 
speak, or even to shout to those persons who were nearest to me. 
Even the reports of the guns were seldom heard, and I was marie 
aware of the firing only by seeing the shooters reloading. 

No one dared venture witlun tho line of devastation. The hogs 
had been penned up in duo time, the picking up of the dead and 
wounded being left for tho next morning's employment. Tho pigeons 
were constantly coming, and it was past midnight before I perceived 
a decrease in the number of those that arrived. The uproar con¬ 
tinued tho whole night, aud ns I was anxious to know to what distance 
the sound reached, I sent off a man accustomed to perambulate tho 
forest, who, returning two hours afterwards, informed me he had 
heard it distinctly when 3 miles from the spot. Toward the approach 
of day, the noise in some measure subsided; long before objects were 
distinguishable, the pigeons began to move off in a direction quite 
different from that in which they had arrived the evening before, and 
at sunrise oil that wore able to fly had disappeared. The bowlings of 
the wolves now reached our ears, and the foxes, lynxes, cougars, 
bears, raccoons, opossums and polecats were seen sneaking off, whilst 
eagles and hawks of different species, accompanied by a crowd of 
vultures, came to supplant them, and enjoy their share of the spoil. 

It was then that authors of all this devastation began their 
entry amongst the dead, tire dying, anti the mangled. The pigeons 
were picked up and piled in heaps, until each had as many as he could 
possibly dispose of, when the hogs were let loose to feed on the re¬ 
mainder. 

Persons unacquainted with these birds might naturally conclude 
that such dreadful havoc would Suon put on end to the species. 
But 1 have satisfied myself, by long observation, Lhal nothing but the 
gradual diminution of our forests can accomplish their decrease, as 
they not uufrequently quadruple their numbers yearly, and always 
at least double it. In 1805 I saw schooners lauded in bulk with pi¬ 
geons caught up tho Hudson River, cominginto the wharf at New York, 
when the birds sold for a cent a piece. I knew a man in Pennsylvania 
vlio caught and killed upward of £00 dozens in a clapnet in one day, 
sweeping sometimes 20 dozens or more at a single haul. In the 
month of March, 1830, they were so abundant in the markets of New 
York, that piles of them met the eye in every direction. I have seen 
the negroes at the United States salines, or salt works of Shawnee town, 
wearied with killing pigeons, as they alighted to drink the Water 
issuing from the leading pipes, for weeks at a time; and yet, in 1826, 
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in Louisiana, 1 saw congregated flocks id these binds us numerous as 
over I had seen lbom before, during a residence of nearly 30 years in 
the United States. 

The breeding of the’wild pigeons, and the places chosen for that pur- 
pose are points of great interest. The time b not much influenced by 
season, and the place selected is where food is most plentiful and 
moat attainable, and always at a convenient distance from water. 
Forest trees of great height are those in which the pigeons form their 
nests. Thither the countless myriads resort, and prepare to fulfill 
one of the great, laws of nature. At this period the no to of the 
pigeon La a soft coo-coo-coo~coo, much shorter than that of the 
domestic species. The common notes resemble the monosyllables 
kee-kee-keo-koe, the first being the loudest, the oLhers gradually 
diminishing in power. The male assumes a pompous demeanor, and 
follows the female whether on the ground or on the branches, with 
spread tail and drooping wings, which it rubs against the part over 
which it is moving. The body is elevated, the throat swells, the eyes 
sparkle. He continues his notes and now and then rises on t he wing, 
and flies ti few yards to approach tho fugitive and timorous female. 
Like the domestic pigeon and other species, they caress each, other by 
hilling, in which action, the bill of the one is introduced transversely 
into that of the other, and both parties alternately disgorge the 
contents of their crop by repeated efforts. These preliminary affairs 
are soon settled, and the pigeons commence their neats in general 
peace and harmony. They are composed of a few dry twigs, crossing 
each other, and are supported by forks of the branches. On the same 
tree from .>0 to 100 nests may frequently be seen: I might say a much 
greater number were I not anxious, kind reader, that however won¬ 
derful my account of the wild pigeon is, you may not feel disposed to 
refer it to the marvelous. The eggs are two 1 in number, of a broadly 
elliptical form, and pure white. During incubation, the male supplies 
the female with food. Indeed, the tenderness and affection dis¬ 
played by these birds toward their mates, are in the highest degree 
striking. It is a remarkable fact, that each brood gene rally consists 
uf a mule and a female. 

Here, again, the tyrant of the creation, man, interferes, disturbing 
the harmony of this peaceful scene. As the younger birds grow up, 
their enemies, armed with axes, reach the spot, to seize and destroy 
all they can. The trees are felled, and made to full in such a way that 
the cutting of one causes the overthrow of another, or shaken the 
neighboring trees so much, that the young pigeons, or squabs, as they 
are named, are violently hurled to the ground. In tliis manner also, 
immense quantities are destroyed. 

Tho voung are fed by the parents in the maimer described above; 
in other words, the old bird introduces its hill into the mouth of the 
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young one m a trimsvem© tu aimer p or with the back of each mandible 
opposite the separations of the mandibles of the young bird ? ami 
disgorges the eon teats of its crop. Aft soon as the young birds are 
able to shift for themselves, they leave their parents and continue 
separate until they attain maturity. By the end of nix months they 
are capable of reproducing thdr species. 

The flesh of the wild pigeon is of a dark color, but affords tolerable 
eating. That of young birds from the nest b much esteemed. Tho 
nkin is covered with small while, filmy scales. The feather* fall off i it 
ihe least touch, us has been remarked to be the casein the Carolina 
turtle. 1 I have only to add that this spedos T like others of the same 
genus, immerses its head up to the eyes while drinking. 

In March, 1S3Q 7 1 bought about 350 of these birds in tho market of 
New York at 4 cents a piece. Most of these I carried olive to England, 
and distributed amongst several noblemen, presenting some at the 
same time to the zoological society. 

Adult male; Bill straight, of ordinary length, rather slender, 
broader than deep at the base, with a tumid fleshy covering above, 
compressed toward the end, rather obtuse; upper mandible slightly 
decimate at the tip; edges inflected. Head small, neck slender, body 
rather full. Legs short and strong; tarsus rather rounded, anteriorly 
scufceH&te; toes slightly webbed at the base; claws short, depressed, 
obtuse. 

Plumage blended on the neck and under parts, compact on the back. 
Wings bug, the second quill longest. Tail graduated, of 12 tapering 
feathers 

Bill black. Irk bright red. Feet carmine purple, daws blackish. 
Heat! above and on the sides light blue. Throat, fore neck, breast, 
and sides light brownish-red, the rest of the under parts white. Lower 
part of tho neck behind, and along the sides, changing to gold, emerald 
green, and rich crimson. The general color of the upper parts is 
grayish blue, some of the wing coverts marked with a black spot, 
QmlLi and larger wing coverts blackish, the primary quills bluish on 
the outer web, the larger coverts whitish at Lhe tip. The two middle 
feathers of the tail black, the rest pale blue at the base, becoming 
white toward the end* 

Length 101 inches; extent of wings 25; bill along the ridge f; 
along the gap 1^: tarsus 1|; middle toe l|. 

The colors of the female are much duller than those of th© male, 
although tlieir distribution is the same. The breast k light gravkh- 
Wown, the upper parts pal© imldkh-brown, tinged with blue, Th© 
changeable spot on the neck is of less extent, and the eye of a somewhu t 
duller red, as am the feet. 

Length 15 inches; extent of wings 23j hill along the ridge f: 

along th© gap }. 
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NOTE ON THE IRIDESCENT COLORS OF BIRDS AND 

INSECTS. * 1 

[With Z plate* ] 


Bp A, Mallock, V. R. S. 


Considerable interest attaches to the origin of certain forms of 
brilliant coloring which ore of frequent occurrence in the animat 
world p though hardly represented among plants , 3 The colors in 
question arc those which are not due to ordinary pigment* and 
winch change with the angle of incidence of the light. The most 
brillianr examples are to be found amongst birds aiu) insects. Fishes, 
and a few reptiles* exhibit colors of the same kind, hut not so con¬ 
spicuously. 

During the last JO or 12 years I have examined some hundreds 
of cases of this sort of color production p and quite recently Sficbekon 1 
haa published investigations on the same subject* mid refers to tt 
somewhat similar paper by Waiter, “ Oberllachen ond SchQlerf&rbon / 1 
dated IS95, of the existence of which I was not before aware. 

The conclusions of these uu thorn are that the colors in question arc, 
m most cascSp due to selective re [lection from an intensely opaque 
material, and, in sonic few, to diffraction from a finely striated 
surface. Their reasons for adopting the hypothesis of selective 
reflection rather than interference are the close similarities 03 regards 
the reflection of polarized light found between the natural hide scent 
colors and dry films of aniline dyes. 

Li the present note I give some reasons for the belief that in the 
majority of cases interference of some sort is the active cause, 
although in others the possibility of selective reflection is nut 
excluded. The question really turns on the she of the 4 ‘grain** 
of the color-producing structure. la it comparable with the w ave 
length of light or of molecular dimensions 3 

If the colors are due to interference, the first supposition must be 
true* but if selective reflection is the agent* a comparatively small 

1 ItcpfLounj hj perraMtti from FiraaodJnji ot Ttw Oopal Society. Load«ii* Sort** A, fjjLsS, No. A 
Nor. », l|Ul p f'jj. EK-CG5. hj th« *cclely Si'pr, ll r read Ncrr. 3 P 14JI.) 

1 Sara# LKOfwdLumi *iMbEl trac« of Ertiifarciit color, 

*"^fEnJU«C»EMiDe m bird i nod lnw!?, H fhtL AptQ. tail. 
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group of molecules may cause selective reflection. It see-ms clear 
that iim property can not belong to individual molecules, fit any 
rate m the case of the aniline dyea, for their solutions absorb impar¬ 
tially all the colors which are not transmitted, and it is only in the 
solid state that their peculiarities as regards reflected light become 
apparent; at the same time there is no change in the light transmitted 
whether the dye is in solution or a dry film. 

Before entering in detad into the reasons which seem to point, to 
interference rather than selective reflec t i on as the origin of iridescent 
collars, some general remarks may be made on the character of die 
structures examined* 

These structures have been either feathen of birds or the scales 
of insects. There are few orders of birds in which examples of 
iridescent coloring can not be found p but without doubt the humming 
birds are the most brilliant, although peacocks, trugous, and many 
others are not very far inferior. In the insect world the fin cat 
examples arc to he found amongst butterflies and the day-flying 
moths of the genus Urania. Some beetles also are provided with 
vividly colored scales. These belong mostly to the weevils (which 
Include the Brazilian diamond beetle). 

Many other insects among the Diptera, Neuroptore, and Ilvmenop- 
tera show brilliant metallic color* on their in teguments, but these 
are not provided with scales, and in many cases the color fades 
more or leas when the specimens become dry. These I have not 
examined. Feathers and scales, however, are remarkable for the 
permanence of their iridescent coloring, and it is to these only that 
the present observations apply. 

Some of Lhe peculiarities of the structures as regards change of 
color with the point of view depend on the shape of the surface 
on which the color-producing material lies. If the surfaces arc 
flat or nearly flat p reflection takes jdaee as from u looking glass, 
and the angle through which the specimen can he turned while 
still showing the characteristic color is small. Often, however, 
the surfaces are convex bosses or ridges, and then the angle of inci¬ 
dence and reflection is that contained between the direction of the 
incident light* and the normal to the tangent plane at the point 
where reflection takes place, and is therefore to a great extent inde¬ 
pendent of the position in which the specimen is held, since there w ill 
always, within wide limits, be tangent planes to the convex surfaces 
which reflect the incident light in the line of sight. In these cases 
tho colors might at first sight be taken as due to pigment, both on 
account of their comparatively low- intensity and from fch® small 
change in tint and intensity winch is produced by altering the inclina¬ 
tion of the general surface to the direction of the illumination. The 
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low intensity b of course due to the small urea of «dh convex surface 
which reflects light in any given direction, 

in attempting to investigate the origin of the colors tntmy methods 
wen? employed, the first, and most obvious being to cut. thin sections 
normal to the color-producing surface and then to examine them 
with the highest microscopic power available. If the colors an? 
analogous to those of thin plates, it is clear from the high internally 
of the reflected light that inure than one pair of surfaces must cooper- 
til e in the reflection. In general the reflected light is not even 
approximately monochromatic, and this fact limits the number 
of surfaces which can be supposed to net, hut if the surfaces are 
supposed to be separated by air and placed at I he most favorable 
intervals theix number need not exceed three or four to account 
for the observed intensity and lints. 

The most favorable spacing for the successive layers is that their 
thickness and the intervals between them should be a multiple of the 
half wave-length of the mean ray, reckoned in the length of the waves 
within the material of the layer, and it was thought possible that the 
thin sections might show a laminated structure. 

For the material of feathers and insects 1 scales, ft h some where 
about 1.5 or 1.13, ao that the least thickness for the plates of refractive 
material would be of the order of one otic-huBdred-and-®ty-thoti- 
aandth and the air intervals one Q»e-huudred-thoiiaandtk of an inch— 
botli beyond the resolving power of the microscope; but from the 
composition of the reflected light it seemed likely that the intervals 
might be two or three half wave-lengths, which would be readily seen 
m far as adequate separation of the images is concerned* In nearly 
nil the sections examined bands of this order of thickness appeared 
with some forms of illumination, but. it was impossible to he sure that 
they were not due to diffract ion effects from parts of the section slightly 
out of focus. 

There are many difficulties in preparing sections thin enough for the 
advantageous use of objectives with large angular aperture. When a 
section is to show a stratified structure its thickness should certainly 
not be greater than the distance between the successive strata, and 
may with advantage bo much less. It was not difficult to cut sections 
about one twenty-thousandth of an inch thick, but tins is three or 
four times ton thick to show with certainly stratification whose pitch 
b one suxty-thousandth or less. 

Occasionally, by accident, thinner sections (perhaps one forty- 
thousandth) would be cut, and these showed apparent stratification 
most plainly, but in no case was the imago free from the effect caused 
by some part of the thickness of the section being out of focus, and, in 
all Probability; what appeared to be stratification was in reality a serial 
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of diffraction barub* Insufficient tHanes&j however, is by no means 
the only obstacle to resolving the grain in the structure. 

Thin sections arc in general very transparent* and the only source 
of variation of intensity in the binge formed by the microscope de¬ 
pends on the varying amount of retardation affecting the waves which 
traverse iheir different parts, that is (ulnce the section is of uniform 
thickness) on differences of refractive index; but, in order to view such 
sections at, all* it is necessary to mount them in some refract ivo 
medium* and tills greatly reduces the chance of detecting a fine¬ 
grained structure. 

I have tried waslung out the bedding material anil ex gunning the 
sections when dry, but, although great care won taken in keeping the 
cutting edge of the knife smooth and sharp, striae always appeared in 
the direction of the cut, which quite obscured the real structure. The 
fact b| that there are a very few objects on which the highest micro¬ 
scopic powers can be used with advantage* Even the test diatom* 
A, pdhifida, which, of course* has to be mounted dry, or in a medium 
whose refractive index greatly exceeds that of silica* is too thick to 
give a satisfactory image, and small solids, whose dimensions arc less 
than s wave length, give images which are not their enlarged geo¬ 
metrical outlines* but phenomena depending on the wave length. 

A1 though the microscope, in my hands, at any rate* has failed to give 
direct evidence of a u periodic” struetura, other tests point strongly to 
“interferences'* as the origin of the colors. 

In some cases the color-producing film b backed by an extremely 
opaque layer* and in others the whole of the structure is transparent* 
and transmits the complementary color with nearly the same intensity 
os the color reflected. Even where there b an opaque backing, this is 
often tliin enough to allow of examination by strong transmitted 
light, and the prevailing color is a brown, tinged with the imabsorbed 
complementary to the color reflected. These opaque backings are 
present in most feathers and in some Insect scales, but in the majority 
of cases the scales of insects are transparent. 

Both theory and observation show that, when rim reflected color 
depend.'! on interference tho tint will change toward the blue as the 
angle of incidence increases, so that reds become yellows, yellow's 
change to greens, and greens to blurs, and ako that if the color- 
producing structure U immersed in a refractive fluid instead of air the 
reflected color will change toward red and have its Intensity reduced. 
Two causes are operative in producing this change: In the first place, 
if the color-producing film is protected from the fluid by an imperme¬ 
able outer layer with which it is in optical contact the only effect of 
the fluid is to diminish the angle of incidence of a ray of given 
obliquity in air, so that the color reflected is that due to the stnalkr 
angle of incidence* Secondly, if the fluid penetrates the layers In 
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which interference takes place, the interval between the layers, new 
reckoned in wave lengths in the refractive fluid, h increased, and 
there fore also the wave length which is reflected for a given angle of 
incidence. At the same time the inten&ity of the reflected light is 
greatly reduced, and if the fluid has the same refractive index as 
the structure itself^ reflection ceases and nearly white light is trans¬ 
mitted. 1 

Observation of reflection from films of aniline dyes, etc., shows 
that the color changes in the same direction—that is, toward the 
blue—as the angle of incidence increases, but as regards the charact er 
of the change when the film is covered by a refractive fluid there is a 
great difference. 

In some cases [methylene green, lor instance) for one particular 
angle of incidence the color reflected in air is unchanged when the 
film is covered with cedar oil, for smaller angles of incidence the 
reflected light h of shorter average wave length, and for greater 
angles longer than that of the color in air. 

For tliis particular dye the color reflected in air b a very red-purple 
at small angles of incidence, changing to bluish-green whan the 
angle is large. 

Under cedar oil the colors are respectively greenish-yellow and an 
orange-yellow. The transmitted color, however, does not change 
perceptibly cither with the angle of incidence or with the medium 
in which reflection takes place, and (bis applies, as far as my obser¬ 
vation goes, to all substances which give selective metallic reflection. 

The transparency r or at any rate the vanishing of the character¬ 
istic transmitted color in the case of all animal tissues when immersed 
and permeated by a fluid of the same refractive index, h strongly in 
favor of interference being the source of the color, but even stronger 
evidence is given by the behavior cf the Structure under mechanical 
pressure. 

If 1 he grain or peculiarities which favor the reflection or transmission 
of particular colors h of molecular size, there is no reason to suppose 
that pressure insufficient to cause molecular disruption would alter 
the action of the material on light. On the other hand, if the colors 
arc due to interference—that is, to cavities or strata of different 
optical properties —compression would alter the spacing of these, and 
thus give rise either to different colors or, with more than a very 
slight compression, to the transmission and reflection of white liglu. 

In every experiment of this kind which I have made either on 
feathers or insect scales the effect of pressure has been to destroy 
the color altogether. 


■ This 4Bpa3laa of to flnM, u wiriL u to nrfmitlr# Iivlcs, mm\ b* to ttJa* fti toi af to tEracton 
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Whom the scales are transparent, white light is transmitted, but 
with feathers, where the color film is generally backed by dork pig¬ 
ment, the pigment color appears untinged with the complementary 
to the rotor naturally reflected. 

With many feathers the color returns when the pressure is taken 
off, but with insect scales the structure seems to bo permanently 
injured by compression, and though when allowed to expand again 
ihe material Is not color!ess the brilliancy which belonged to the 
uninjured scale is gone, and the color in general changed. 

The facts above man tinned seem to offer at ranger reasons In favor 
of interference than Iho pnlurbiatian phenomena referred to by 
ilkhel&on and Walter 1 do against it. 

The elliptic! ty, etc., found in the re flee Led beams may, although 
functions of tho wave length, accompany the production of color 
without being necessary to it — that is, they may depend on the 
molecular, whiio the colors depend on tho mechanical structure. 

All Lepidoptorous scales, whether colored by pigment or giving 
metallic reflection, are traversed by a series of fine lines or dots 
arranged iu lines and very evenly spaced, and tho universality of 
these lines on all such scales, whether with or without color, is a 
good reason for not regarding diffraction os an explanation of the 
metallic colors. 

in muny inseeta these lines are ns close aa 36,000 to 40,000 per inch, 
and when UghL is transmitted through a single scale or a few scales 
placed side by side very fine diffract inn spectra are formed, but no 
corresponding effect Is seen by reflection, what effect there may be 
being masked by tho other form of color production. 

Tho beetle scales which I have examined were, as a rule, without 
linear markings, and where lines existed they were not very regular. 
The surface was always mapped out into unequal polygonal areas, 
and cross sect ions (pi. 2, figs, 5&, Sb) showed (hut the scale consisted of 
a flattened sac of transparent material containing a cellular structure 
in which the color originated- 

When an unbroken scale i* immersed in cedar oil, the outer walls 
prevent the fluid reaching ihe color-producing layer and hut little 
change results either in the reflected or transmitted fight; but when 
llie scale is broken or has a piece cut off the oil penetrates tho interior 
nml all trace of color disappears. 

Occasionally when a viscous fluid is employed tho penetration 
1 b not complete and tlic character of the cellular layer is then indi¬ 
cated by the parts which still shew color. 

Figures 1 to i, plates 1,2, illustrate this, Figure 1 is an unbroken 
wulo of jgbiimtf* impaiatU showing tlm polygonal areas. Figure 2 


i FakrLiAtl tlghi nii(ril-J In u»d Jur Lbli ci^MTvmtwrii. 




JXUDESCEKT COLORS OF BIRDS AND I NSECIS—MALLOC 4 SI 

allows t1x€5 same sc-alo partly penetrated by a solution of celluloid 
in nruyl acetate: figure 3 r ditto (in which the penetration is not so 
complete) more highly magnified; figure 4, threescatecompletely pone- 
t rated and quite colorless, figures 54 and 5b are cross sections of the 
&cale (thickness of section about one twenty-thousandth of an inch). 

Feathers are impermeable to most fluids, hut when acted on by 
add (nitric, acetic* or hydrochloric) they change color toward the 
red; after washing and drying, however, they regain their original 
tint. 

The subjects from which the above notes have been made include 
among birds various species of hummingbirds, peacocks and pheas¬ 
ants, sun birds* trogones, and o there; among I^pidopters,* the genera 
Euplma, Morpho* Calligo, Argyums (in which silver markings are 
common), Vanessa, Callicure, Lycaaoa, Theda* Papilio, Omifchoptera* 
some of the Hesperidfc& and moths of the genus Crania. The only 
beetles examined were EnitmuB imperioHs and two species of Oyplius* 

To the physicist who is also a naturalist the great variety in the 
diameter of the surfaces on which these metallic colors are devel¬ 
oped, as well as the beauty and brilliancy of the colors themselves* 
nffe.fs matter of exceptional interest, but it would occupy too much 
space to enter here into a detailed description of oven the typical 
forms. 

A rather curious fact, however, may bo mentioned with regard 
to the scales of Lepidoptera. Nearly all such scales w hen black or 
colored by pigment have the free end deeply scalloped and presenting 
what may be called an ornamental outline, but the scales which show 
metallic reflections are invariably (as far as iny observation goes) 
merely rounded off or have very slight indentation Figures fi and 
7^ plate ,1 (which are respectively colored and black scales from Omi- 
thoptera Poseidon ) f illustrate the difference. 

Although all the colore referred to in these notes are probably the 
result of interference* the ways in w hich the interference occurs may 
he very various. Feathers by their behavior suggest an action 
analogous to that of a Lippmann film, but it is difficult to imagine 
matter optically dense enough to behave as the silver p articles in the 
film being produced in an organic structure, In most of the scale* 
it scorn* that the interfering rays are reflected from the surface* of 
very thin fiat cells, hut it is possible that in some eases the effect 
may be due to reflection from, a single dimpled surface. The colored 
central images sometimes given by diffraction gratings am exam- 
plea of this sort of interference* but in order that the colors so formed 
should lx- as brilliant as possible the depressions or dimples should 
bo closely but irregularly distributed over the surface (if regu¬ 
lar much of the light goes in lateral spectra), but of uniform depth 
and section. I have succeeded m making colored rings of some 


432 annual bepobt smithbontan institution, isii- 

brilliemrv bv holding a piece of glass over the smoke of un arc formed 
b^ie, ii motal electrodes, iron, nickel, silver, and copper being used, 
i^the most successful trials the rings ^rebnghtcr than thecolors 
of sesp films, and, ns might !w expected, the intensity of the c 
increased with the angle of incidence, but the 
with normal reflection nor until the incidence exceeded Jt , 

Jn the spectroscopic examination of the color, it J** fo ^ nd ™ n ' 
lent to focus the much enlarged image of the surface on the slit 
the spectroscope. By lids means, and usmg iho sun or an nrokmp. 
there was sufficient light to show the spectrum from a small part 

° r mlm cmOng tliin sections of chitin or feathers, it is important 
thirt the embedding material should bo of the same consistence and 
hardness as the object to be cut. For this purple shellac ga^e 
the beat results. The hardness cmdd be regulated by the tune 

allowed for drying. . . ,, „ 

The compression tests were earned out by placing the spec mens 
on a slide under n convex lens of about a foot radius. The objeem 
compressed were generally thin enough to allow of the Newton 
rings of the iiighcr orders being reeogmxed between tlie lens and 
slide before any compression occurred, and by centering the object 
in these the pressure could be applied in the right place. 

Since writing the above I have examined the colors of some of 
the iridescent Dipteru (chiefly of the genus Luoilia), usiiig the pies- 
bure apparatus. It was found that with them, as with the scales 
and feathers, the color disappeared under compression, audit seems 
probable, therefore, that interference of one kind or another is the 
true cause of natural iridescent color in all caws. It may be wm arked 
that the internet v and composition of the light reflected from t e 
integument of the flies is such as would be accounted for by the 
interfcrcMtc-c of a tingle film <*r pair of ntirfacoB, 
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PLATE 1* 



U Scale. OF EffTTMUS iMPEfliALiS^ X 4 GO. 



2. Th6 Same Partly Permeated with Celluloid 

SOCUTKM*, X 490, 



3. The Same, x 1730. 
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Plate 2 



4, Three Scales of Entimijs imperials Completely 
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Sb, Cross Section of Scale, x t750. 















S-rith*TFiiun ftecigrt, 1911 _—Vi 



Plate 3. 



6, Iridescent Scales of Ohnifhoftep™ Poseidon, X ] 170, 



7< Slack Scale of Same. X 117Q, 
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The flight nf birds must ever remain ft source of interest nod 
inspiration to man, for should he eventually master wml as ^ 
cessfullv as he has terrestrial locomotion, birds would, by rvn»on 
of their inherent sensibility to gauge the varying mrcurrents s ifl 
remain vastly his superior in the art, if not in actual pace at hwst 

in the finer manipulations. _ 

But whether we regard flight from the standpoint of the ornitholo¬ 
gist or the aviator, the actions of these naturally quipped per¬ 
formed can not be too closely regarded, 

The great difficulty met with in studying the flight of birds is the 
indefinite and almost inexpressible nature of much of our obafn a- 
tinn. We nee a bird make a sudden turn or falter in its course; a 
little thing, yet even if we could analyze its actions, which ls imp rot. 
able, it would take a page or iwo of writing before we could be sure 
that another would understand Iho positions and actions as we saw 
them In our present lack of intimacy with the subject words are 
quite inefficient, and wo must largely rely on pictures, photographs 
by preference, wherewith to record our observations. 

The slower and individual movements of Lhe wings and tails o 
such large birds as herons, gulls, or eagles, arc easy to perceive, and 
in many cases their object or result can be appreciated, if only one 
can get close enough. Unfortunately, however, our near glimpses 
of large birds on the wing arc usually but momentary, and n is only 
bv piecing together little isolated scraps of observation that we can 
get a consecutive idea of what has taken place. Often t j e c j ,m '" l!i 
tion of our eyes snd brain is far too slow to analyze and follow the 
different movements, and the only impreswon, the nimi receives is oru 
of rapid beating motion, as is k q noticeable in the flight n * 
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other insects. Too often is this the case when trying to follow the 
flight of some small bird, the beating of the little wings being quite 
too rapid for our senses. We will here confine ourselves to those 
birds possessed of ample expanse of wing, for, generally speaking, 
the larger tho wing Ihe less sapid is the beating, and therefore the 
mure cosily can we follow* its movements. 

To gain the velocity in order to create the resistance necessary for 
the support of all heavier-than-air "machines,” some birds run or 
swim, other* simply spring into the air and by the vigor of their 
flapping achieve the same result; wliile others, again, launch them¬ 
selves from some coign of vantage— a tree or rock—and in falling 
gain the desired resistance. In tills article I give some particulars 
regarding the latter method, illustrated by photographs of the 
Gan net (SuJa basmnfQ, 

Stepping to the cliff edge, and, if there is no cause for undue haste, 
having raised and partly unfolded its wings, the bird prepares to 
dive into space. This dive, it should he noted, is not directed down¬ 
ward, but rather as horizontally outward from the cliff ns may he 
(sometimes it appears to have even an upward tendency). If the 
bird is one possessed of broad large wings not much altitude is lost, 
and it skims through the air in much the same fashion as does a 
piece of cardboard thrown horizontally. If. however, us in tho case 
of auks, the wings are small and narrow and the body heavy, then 
the bird at first drops nearly vertically, ouly being able to gain n 
more horizontal course as its velocity increase*. 

Sometimes birds of this latter class, presumably through mis- 
ju figment of tho space they have to work in, do not get tho horizontal 
course in time, and crash into the rocks or m* at tho foot of tho 
cliff. This Is very noticeable when a group of puffins (/'m U /cula 
(irdicfl) hurriedly takes flight from a steep bowlder-strewn slope. 
Inder these circumstances I have frequently seen quite a number 
of birds come to grief on the rocks within 30 yards of starting. 
Most of these, though somewhat dazed by the impact, flutter and 
daw their way on to the top of some big bowlder, and after a 
moment s pause again dive forth, but not- infrequently with no 
belter result. The first failure is, I believe, often caused by their 
paying too much attention to and looking behind at whatever start led 
them, Instead of gauging their proper angle. 

The raising and unfolding of the wings is worthy of a little con¬ 
sideration. The former usually takes place not after, hut previous 
to, the diving or springing forward, while generally the whole "foot" 
is at rest upon the rock. Of course, when suddenly alarmed birds 
sometimes cast themselves from the cliff without first raising their 
wings, and in consequence fall rapidly. 
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In plate 1, figure l f the gannet has not. even risen to its feet prior 
to lifting the wings, but h Kitting on the edge of the nest. Tins 
apparent leg supporting it on the near Bide is a delusion, for instead 
of being the metatarsus, its it seems, it is really the closed webbed 
toes hanging downward Hfrorn the raised and hidden leg, only the 
daws really touching the nest. The reason, for this peculiar position 
is the newly-hatched chick, hardly discernible, lying in the nest., 
which would inevitably have been crushed had the bird rested on its 
expanded foot. 

This raising of the wings preparatory to diving forth is perhaps 
more convincingly shown in figure 2, os the photograph is taken 
from a point on the same level as the bird, and show* the wings 
hehl up far above the bird’s head. This picture, as also figure 1, 
embraces another and more important point—that the unfolding or 
straightening of the wing takes place, if again there is no extreme 
has to r subsequent to the raising. This especially ref ers to the 
pinion. 

It will be noticed that although the humeri are raised almost to 
meeting above the back (pL 1, fig. 2) the ulnsc urn not fully extended 
and in Lina with them, while the pinions arc little divergent from the 
latter, still making an acute angle with them. Casually one might 
have expected Lluit + hud there been any precedence, the pinion 
being the most important factor, would have been the first to assume 
tho position requisite for flight, but if these two photographs be 
care fully examined the reverse appears to be the case. In short, it 
may be said that the unfolding of the units of the wing seems to be 
sequential, starting with the humerus r and not simultaneous. 

This isj I fear, directly at variance with the writings of many 
leading ornithologists and anatomists, and I can only put. forward the 
photograph in support of my observations. Undoubtedly the 
arrangemen! and articulation of the wing-bones appear to indicate 
that the unfolding will take place mechanically throughout on any 
one part being extended, but laboratory theories, however much 
they may be upheld by inanimate evidence, can not pass unchallenged 
when they are found to bo in apparent contradiction to observation 
of the living action supported by corroborative photographs. 

In plate 2 # figure 1 shows the bird at the very moment it h diving 
from tho cliff, only the tips of its toes touching the rock, and it wrill be 
noticed t as intimated before, that Lhe slope of the body is strongly 
upward. The wings have not even yet been fully straightened. 
This final unfolding and stiffening appears, so for aft I can ascertain, 
to take place at the very moment of departure, and had this photo¬ 
graph been taken a minute fraction of a second later it would no 


436 asnuaij report wmTHmmAix rswrmrmo^, lfiu. 


doubt have revealed the wings os fully extended as in figure iV 
Here the vrings are just be-ginning to feci the weight of what they arc 
to support and arc comrrieiidng their first downward beat. And 
HOW* though it has only traveled il few' inches from the reck ami ilia 
feet have niit yet been tucked away under the tail, the gannet is 
fairly on the wing, exasperating! y able ant] wishful to go beyond the 
range of our lens or even of our observation. 

It.—STEERING, SLOW I NO-UP, AN II Tt'H NI NO . 


The old idea that the wings of a bird simply flap up and down, and 
that by some means the body travels steadily along on a level hori¬ 
zontal course, ha* long been dispensed with. Te h, however, difficiilt 
to realise, but none the less true, that at each full wing heal the body 
is raised ns well as propelled. Perhaps this can be more readily 
appreciated by reference to a photograph, such as that represented 
in plate 3, figure 2. By good fortune the two gannets shown there so 
near together exhibit the two extremes of the positions which these 
birds ordinarily assume in flight. In the top left-hand bird the wings 
are raised and the body seems to be dependent from them, while in 
the lower bird the wings are far depressed and the body nppeara 
pushed up and supported by them; and this is precisely its position. 
The wings in their rapid descent found resistance in the air, and m 
soon as this resistance exceeded the force of gravity anting on the 
bird the body was elevated at the same time that it. was driven 
forw ard, only, of course, to sink once again on ( ho wings being’raised. 
Thus the path of a flying hied is a succession of ups and downs, but 
the movements of the wings being so very much greater in extent 
cloak those of the body, and m gracefully and smoothly are the 
actions performed that we do not realize the undulatery nature of 
tlie course. The attitude of the right-hand top bird, a khtiwake, in 
the same photograph (ph 3, lig. 2), is interesting, as it shows the bird 
steering by the aid of its feet. The very extensive use mm& birds 
make of their feet during flight requires consideration. Nut only are 
they freely used for steering, but they are also often employed as 
brakes to lessen speed, much in the same way as a drag b used to take 
way oil an incoming vessel. In plate 4, figure I, the immature 
gsnnefc there depicted is trailing its partly expanded and lowered 
feet, thereby causing considerable resist an ce te its forward progress. 
To bircls which quarter the surface of the ocean for a livelihood P feet 
have yet another use during flight. As the bird swoops downward te 
snatch its swimming prey the legs are dropped, and tho moment the 
quarry has been seized, if not before, the feet are plied vigorously to 
run iJong the surface of the water and thus not only act as huffem and 
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prevent tJbo body from striking the water, but also help to increase 
the velocity necessary to enable the bird to rise again. In plate 4, 
figure 2, although the feet of the kittiwake have censed to touch the 
surface, the bird is stiU running, as it were, in space. 

Another method often practiced by birds to lessen speed b that of 
depressing the tail, and so offering a resistance to the dr rushing 
along the under surface of the body, and this h illustrated in the 
gannet shown in pinto 5, figure 1* Tliis use of the tail is very similar 
in its purpose and result to the use of the feet as brakes. Steering is 
also, of course, aided by the tail, it bring visibly turned from side to 
side, raised or depressed P when flight is being executed amid tumul¬ 
tuous currents* But this method of steering by the toil h rather 
corrective than initiative lu its use, being principally employed to 
compensate for irregularities in the air currents* When a bird is 
suddenly and deliberately changing the direction of its course— 
turning an aerial comer, so to apeak—the plane of the wings is 
changed from the horizontal position assumed when gliding to a 
more or less vertical position, the inclination depending on the 
abruptness of the turn and the pace at which it is executed. If the 
turn is to the right, then the left wing U raised and the right depressed, 
and* of course, vice versa for a turn to the left, When writing here 
of one wing being raided and the other depressed, I refer to their 
positions relative to each other, and not to their relation with the 
body. That is to say, the wings and body may he held rigidly in one 
plane, the inclination of this as a whole being changed from the 
horizontal to toward the vertical. This vertical position has been 
almost reached by the bird, of which, unfortunately, only a portion 
is shown, in the upper part of plate 5, figure 2. It will be noticed 
that, the left wing is depressed and the right raised j the bird is there¬ 
fore sweeping around to the left. I have seen birds when thus sud¬ 
denly altering the direction of their course aeLually exceed the 
vertical position, turning the plane of their surface through an angle 
of about 105 ® t thus making an angle of about 75° with the horizon, 
their backs then, of course, being cm the underside* 

The question of air currents is of paramount importance in flight, 
though ii h probable that owing to their invisibility wo have m yet 
little idea of how extensive anti acute these movements are. If, 
however, wo watch small companies of gulls flying leisurely in the same 
direction, we shall often see them pass through such local air currents* 
whose existence is plainly indicated by the sudden and harmonious 
wheeling of the birds. It is often very noticeable, too, how precisely 
in the same mariner all the birds will compensate for Lhr current. 
Tins is suggested in plate fi, figure 1, where the four central birds are 
passing through a disturbance, and it will be noticed how each is 
**trimming” for it in much the Fame way, even to the awkward bend 
in the neck. 
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i ii.—Auoimxo. 

TV act of alighting appears to hi* not Lite: least difficult pm in the 
performance of flight; indeed, whether it be regarded from man’s 
standpoint or from the bird’s, it may well be accounted the most 
difficult. 

On h boisterous day when a bird wishes to alight, at some particular 
point, its powers are often taxed to the utmost. The obvious signs of 
this being so are the abrupt and spasmodic turns, and the flapping of 
the wings, and the jerky, erratic course immediately preceding tho 
alighting; while not infrequently the clumsy and hurried actions on 
touching the ground, plainly show how comparatively little tho flight 
had been under control the moment before alighting. 

That this is a real difficulty of which the birds are fully conscious 
is, I think, shown by their preparing for alighting long before they 
actually do so. Their first care is apparently to reduce their speed 
ns much as possible, so ns still to leave them sufficient "wav ’* to 
insure some stability in the air, and some power of guidance. Thev 
soar round and round or approach slowly oil a long, wavering course, 
trailing their feet ns brakes, nr advance in a vertically zigzag course, 
folding murh resistance in short but steep ascents. But even after 
these and many other preliminary devices lmve been tried, birds 
often get sadly knocked about on really boisterous days when alighting 
on the cliffs. The difficulty lira not so much in the mere act of 
alighting, as in tho settling at some particular spot. A bird must 
slow up, or the impart would be too great for its leg muscles to cope 
with; and the difficulty is that w hen slowing up and almost at a stand’ 
still in the air, so to speak, it is greatly at tho mercy of tho air cur¬ 
rents—a swirling gust of wind being able then to cam' it this way 
and that, whereas were it in full flight an equal gust might hardly 
affect its onward course. I have seen guillemots and puffins when 
on the point of alighting, and despite their rapidly heating wings, 

1 widily blown over in tho air and hurled backwards 30 feet from where 
they intended to act foot. Frequently, too, a bird, in wild weather 
or when agitated, will fail to effect a landing, on a cliff for example at 
the iimt attempt, perhaps finding it bus too much pace to risk «l contact 
with the rocks, or, having too little, a gust of wind will '< tako hold” 
of it and Vnr it past the place it intended to alight upon. 

As when dealing with “Taking flight,” I illustrated my remarks 
by photographs of tho gunnel, it may bo well now to continue with 
the same bird, and to try to follow some of its actions when alighting 

Tn plate 0, figure 3, the gannet is approaching,intent on alighting 
The pace is comparatively dor, and Is king continually Ii4ein5 
and the course of the bird is being steadied by the trailing feel The 
position of its homo is not indicated in the picture; it was on the 
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top of the column of iwk, the base of which is vaguely suggested at 
the left-hand side of the print. Each time the bird approached its 
method was the same. It flew along the cliff-face until it reached a 
point nearly opposite to I lie neat, but considerably below It; then it 
swept round abruptly until it faced the cliff, at the same tune giving 
its coumo a strong upward tendency, still trailing tU feet- Piute 7, 
figure 1, shows the bird just after it had faced round to the dill and 
was sweeping upward. As won as it arrived directly opposite to its 
nest, its one thought was to stop the forward and upward impetus 
produced by the great soaring approach, 

Plate 7, figure % shows plainly the measures adopted by another 
bird—which, by the way, advanced in a more direct and horizontal 
course, and had, therefore, a more direct forward momentum to 
counteract. It flew straight^or its nest, sweeping slightly upward 
until it found itself almost opposite the place, and perhaps some 5 or 6 
yards distant from it. Then by u dexterous turn it threw the plane 
of its great surface into a vertical position and at right angles to the 
direction of its course, thus offering the maximum amount of resist¬ 
ance possible. The whole area of the wings, body, and tail is direct ly 
opposed and spread out to resist the bird’s forward passage tlirough 
the air, and it is interesting to note how the tail has been extended 
to the utmost, fan wise, so as to increase as much as possible the 
effective urea. It will be noticed that the feet are thrust forward 
and the webs extended in anticipation of the coming contact. That 
a great strain k being placed upon the wings and that therefore a 
great resistance is being encountered k indicated by the curve of the 
primaries. 

Plate 8, figure I, shows the position a moment later. The bind 
has now got its feet upon the rock (or rather one fool, for die other 
k thrust out horizontally on the nest, having no doubt missed its 
mark, and can be of little, if any, support), and appears to be almost 
stationary, but as a matter of fact it has still a forward impetus which 
the raised wings are trying to counteract. The bird has, indeed, 
just set foot upon this ledge, and is fulling forward in the direction 
of its approach. 

The last photograph (pL 8, fig. 2) again carries its on a brief moment. 
Now the bin! has pitclied forward on to its breast, its wings having 
failed to find sufficient resistance in the air to counteract the body’s 
momentum, anti in consequence the wings have come crushing down 
upon the rocks nt the end of their strenuous beat. The position of the 
tail k interesting; in plate 7, figure 2, it is seen fully expanded and 
depressed in order that its ventral surface may oppose the forward 
progress, and now it k turned upward above the back so that Its dor¬ 
sal surface may find resistance and try to counteract the tendency 
to pitch forward on to the breast, 
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THE GARDEN OF SERPENTS, BUTAXTAX, BRAZIL. 1 


By TVoI, S. I'fiitz.1. 

Member of ihi Academy of Medicine, Pari*, in dm?* of *ei*ntifie expetition to frazil and 

the Argentine Republic. 


I pas.*'it but 12 days in Brazil on my way back from Buenos Aires 
to Europe. There is rnucli to bo said about the medical institutions 
of the two large cities where I stopped, Rio do Janeiro and St. Paul. 
I wish that I could express alt the admiration I have for ray colleagues, 
the physicians and surgeons of Brazil, and toll of all I saw and appre¬ 
ciated ; but I can cite only a few names: At Rio de Janeiro, Prof. Feijo, 
jr, p bead of the faculty; Dr. Aug. Brand bo, professor of gynecology; 
Dr, Daniel d’Almeida, Dr. Magalhaes, Dr. H. do Tolcdn-Pods worth. 
Dr, Antonio Rodriguez lima, the Drs. Hilario and Xabuco de Govea, 
Dr, Olympic da Fonseca; the general secretary of the Academy of 
Medicine, Dr. Aloysio de Castro, and others. At St, Paul, I would 
mention especially the Drs. Alves do Limn; my excellent pupil, Dr. 
Arnado Carvalho; Dr. Synesto Rangel Pestana, and Dr. Oliveira 
Botelho, formerly minister of agriculture and a distinguished gynccnl- 
og^t. Toward oil I have n deep feeling of gratitude for my pleasant 
reception. 

But I must limit myself. So I will choose from among my experi¬ 
ences rav visit to the antivenom therapeutic institut ion at Biitivntan 
near St. Paul. 

This institution has at. its disposal incomparable means fur tills 
etudv and work because of its situation in a region where snakes 
abound. Our eminent compel riot, Prof. Calmette, of Lille, one of the 
pioneers in the scientific vaccination against snake bites, Las been 
too often impeded and limited in bis laboratory work because of the 
difficulty in procuring the exotic snakes whose venom was necessary 
for his researches. At Butuntau, the con titty people from all sides 
bring in their captured snakes, in exchange for which they receive 
tubes of the beneficial serum. 
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Brazil may bo considered as one of tho countries most infested by 
venomous serpent9 . Though they Lave completely disappeared From 
the most frequented places, they are still extremely numerous in the 
surrounding country, and their bitea are a fearful source of danger to 
the workmen of the coffee or sugar plantations who go with naked 
feet. 

Two great genera of serpents live in Brazil, tho Crotaltis and the 
Botlirops. They arc found in the forests, the thickets, and the damp 
places. Naturally rather timid, they flee as soon as disturbed by a 
noise, but if by chance one of them is touched it turns upon and 
angrily bites whoever molests it. So that if a passerby inadvert¬ 
ently puts His foot on one he is at once bitten. Tliis happens very 
frequently to beasts or horses when they disturb the peace of a snake. 
Hunters dread them for their duga when tho latter search in the 
brushwood, 

According la statistics, up to 1&0Q there died annually in theState 
of St. Pnul alone more than 210 persons from the bites of snakra of 
the Cm takes and Botlireps genera. Since the distribution of serum 
from the scrothcrapeutie institution of Butantan, the number of 
fatal cases has diminished at. a rapid rate. 

This scroflherajwtttic institution consists of a large number of 
buildings separated bv courts. They include tho laboratory, the 
cells for the snakes, the stables for the inoculated horses, the store¬ 
houses for the manipulation of the serum, and tho dwellings of the 
staff. Everything is perfectly organized. 

Many obscure points relative to the physiology of serpents still 
require study. In order to better know the habits and all the details 
of tho lives of seqMjnts, Dr. Vital Braal, the eminent director of this 
institution, conceived a surely novel idea. Ele has made an inclosure 
\\ith thick walls, not so lugh but that onu can easily look over them. 
Within there is a large space, a kind of rustic inclosure, covered in 
places with luxuriant vegetation, traversed by wide patlis, with 
glades, here and there. A large interior ditch, close to the wall and 
filled with water, forms a second barrier and prevents the escape of 
tho dangereus guests that people these thickets. The most venomous 
serpents are to be placed here where they are to live at liberty. When 
I was at Butmitaii last year the construction id this place was almost 
complete. At the present time, without doubt, Dr. Vital Brazil and 
his fellow workers have already made many curious observations 
while walking to and fro in this frightful paradise, in tliis garden of 
snakes. 

_ Before proceeding it will bo well to state some theoretical concep¬ 
tions which will help to explain the importance of tho work accom¬ 
plished by this institution. 
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The pathological physiology of venom poisoning has become very 
well known through the researches* of Calmette anti V. Brazil. The 
poisoning rosultingfrom the biteofa Bot-hrops is hemorrhagic hi nature. 
After a bite there occurs a decomposition of the bliKul which escapes 
from the capillaries, causing profuse hemorrhage in the subcutaneous 
iiiid submucous tissues, accompanied by acute congestion of the liver, 
kidneys, and brain. It is a sort of acute purpura. The CrotaJus 
venom, on the contrary, is a paralyzing poison. I t produces bulbar 
paralysis with disturbances of the respiration, the vision, anti the 
circulation: Local reaction at the seat of the wound is absent or 
extremely alight. Death of the victim, if a man, results after a van- 
able time, generally about 2*1 hours. 

Vital Brazil has made elaborate studies of the effects of venoms 
upon animals. The poison of lbs Crotalus terrific u* bills a pigeon 
when one one-thousandth of a milligram is injected into its veins. 
The fatal doses for other venoms vary slightly, 

1 will now describe in a few words the preparation or the antivenom 
at* mm iif. Bu tan tan. 

Thu serum prepared at LAllfi by Dr. Calmette has littlu t'flicaej in 
Brazil Indeed, be himself aavs in his remarkable book. Upon 
Venoms, "For each venom there is a corresponding serum. " Since 
the serum of the institution at Li lie is almost wholly prepared with 
the venom of Asiatic snakes, although excellent for counteracting 
the bites of European vipers, it is useless against the bites of the 
Brazilian Bothrops or Crotalus. Accordingly L>r. Vital Brazil has 
prepared two specific serums, one anticrotalie, the other aiitibothropic, 
each having, in small doses, a particular efficacy against the bites 
of the corresponding snakes. But as it is rare that the kind of snake 
producing a bite is known, it was important to have also a polyvalent 
serum, that is one equally active against all venoms. Such a serum 
Dr. Brazil has made. 

The animal used to furnish the ami toxic serum is Lhc horse. A 
young and healthy animal is taken, free from any disease, and 
particularly from glanders. Horses are very sensitive lo the venom 
from snakes. At first a minimum does is injected, five onc-hundreths 
of a milligram; then the does is increased. The injections are 
repeated every five or six days; as soon as the animal seems to 
suffer or to lose weight the injections are stopped. It is a curious 
fact that as soon os the immunization is complete the animal seems 
to thrive from the absorption of the poison: it grows fat, its weight 
increases. And yet further, a horse in the process of immunization, 
if the injections are stopped, pines away somewhat ns does a morphio- 
m indue when the latter is deprived of his habitual poison. The 
horse has become, iu fact, a scromaniac. 
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The immunization lasts about a year, mul toward the cm! enor¬ 
mous doses are given reaching 1 gram. The horse is then ready 
ami lliD smina from its blood is utiliusxici for the venom with which 
it 1ms been inoculated. 

In such manner is prepared at But Milan the nnticrotalic, the 
nntiboihropio and the polyvalent serums. Tile last is obtained by 
nliemating the injections, using the venom first from one kind, then 
from the other kind of snake, and, as its name indicates, it is valuable 
an a remedy for the bites of all Briwatlan snakes. It is therefore of 
exceptional practical value. 

An immunized horse will furnish serum for a very long time, 
provided that from time to time now injections uf the venom are 
administered. After each bleeding necessary fur a supply of serum, 
the antitoxic power of the horse diminishes rapidly but recovers 
several days afterwards. 

In the easts of man., the injection of the serum under the skin 
should be made during the 12 boiiie following a bite. If the kind 
uf snake producing the bite is known, (ho serum specific to that kind 
is ihe more efficient toxin to employ in doses of from 1(1 to 20 c. c. 
fur it works more quickly and with special efficacy. If the kind of 
snnkr Is not known, as Is usually the case, then the polyvalent 
serum must be injected in doses up to 00 o. c. in serious cases. 

The serum is furnished to the public in sealed tubes packed in 
littto wooden boxes, A minimum price is charged. Further, (he 
institute at Bu ten tan distributes the scrum free to hospitals, to 
cities, and to the very poor, together with injection syringes and" the 
necessary directions for its use. The only remuneration asked hv 
°r- Brazil, at times, in exchange for the serum, is the snakes which 
are essential lo him; and so by bringing a reaftwrf or a ;aram«i. the 
Bruiulinn countryman receives a lube of (ho liquid serum. 

I was very curious to visit the institution at Butantin during the 
few day* I stopped at St. Paul near the outskirts of which It is 
situated. My distinguished colleague and friend, Dr. Alves do 
Lunn, whom i can not (hank too much for his generous hospitality, 
kind ly offered to accompany mo there. I copy the folio win gaccount 
from the note book of my travels: 

A powerful dO-Sinraepower automobile ran-lotl mi*Log clouds of dust, along the 
route which travel J n smilirtjf coimtiy dotted! with trees' and exotic shnih*. After 
a ride of about half an hour wo r topped at the j^tc of a kind of Lmnj rlmlet which 
bcluugtt] to a pro up of now building, the seraihonipoiilfc iiwtUui^u of BuUntui, 
Agnail Ilf about 40 yairs of age, tall, energetic, min burned, wearing* black nuntarhe] 
wilii remarkably deep, Ijtmk pyra. a referred and deliberate manner ia narked con* 
tmi*t with his Kniihem appauanre, received us trn tho threshold, lie worn a long 
win so pel, filch as Rurgeoru and phjaJoloyislJl wear. Such wan Dr, Visa! Brazil, 
dins urr of i ho imitation and a preat philanthropist. Tu hint Drar.ii, and indeed 
all Die other eeuMris* of Smith America, we the systematic production of the-urum 
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vMch runs the of the ifinnnroiifi pnaJ^efl rl those? tropical regioiii, deadly bites 
which but lately killed mra than 1,000 jKroons a year 
Tin commenced his study by hinueU; bo i* iudcotl n “self-made" tum \ later bo cun- 
tinned hisaludmo nt Fbris with Uouac, at Lille with Cilmetto, and at B^imvith Koch. 
He speaks French very purely aliW^h not very fluently * Indeed ho inlk_* very' 1 lltfm 
It wus ul wave treeearary to ilk for explanation* from this modest and piffiewbat 

taciturn man. * " 

Wo ni once entered the laboratory; a preat hall with rows id fare oontaming -nukes 
in alcohol There wore m afcc* of all h iw^ r of nil colors, of all forms, whole and dkoclfl 
to ahow their various organs and with pome of the in (who would have hclfoved itt) 
full of parading peculiar to the snakes, In other jan? thorn wot humble, venommia 
Insect*, enottootte scorpions., and great spider crab*. Wo had hut little time to devtuo 
to ihm visit, we were therefore in a hurry and Dr. Vital Brazil rwltod it. Be 
at a special attraction for tw t a rnako eater of mnkw, the Anake, *n cq speak, 
whkh, inoftemiv* himself, dostreyw hi- venomous confreres whose bites are harmJew 
l„ him. I nskod Dr. HoltII to show ur lh b riinreitv. He W&ji prepared for my req ueeL 
nnd very courteously wquiesoed. Only the good serpent hud already eaten pome 
etghi day* b$o t and for a mako digeatkn Is very slow and the appetite long in relum¬ 
ing nevertheless? he let m sea. 

And here we saw the goad serpent: It was taken from a !*>* by moans of a long 
crooked stick. with a handle, which prized the anake by the middle, like a common 
pau*oge h and deposed it on the ground near to It was a kind of great wider* about 
a muter long, of a blue color having the sheen of steel, so shiny that it seemed wet. 
It crawled slowly, erratic its Hal head, darting out ita tongue, and seemed formidable 
despite its good reputation. In order to reowuire u§. Dr. Bread! took it in hie hands 
tnd twined it shout hie anna; he lold ns at the same time the fmske's AdentMo name* 
RarMdfhi* taifli, locally known os the “Mimirana. 11 The natives and especially 
the fnintere have known It for along time, but until very recently were ignorant ot 
ita habiw and its so useful tonics. 

With the same crooked miek ho took from a box another porpeut, this Time an exceed¬ 
ingly venomous one, the terrible lodkrfr hmc&ttniu*, the H 'Jararaca 1H of the Indians. 
Tip hi to in a few minutes kills man or anim al. Wo recoiled instinctively. Be placed 
it clo«? to the good HtusafpEti, mid, at a respectful distance. we formed a ring about 
thorn. I confer I looked bark of me to sec whether an open d^jor wag at band, Tbq 
two makes lay there id moot motionlM, side by side, and apparently seemed to toko 
no notice of each other. J>r P Bratil thought m indy that the Husnitna, hating just 
eaten his fill, would not "make a march/’ if I may *i rapressi mvwlf. Suddenly it 
made a movement and drew nearer to its formidable victim. Hie latter, ns well a* 
we, hod seen, the undulation of his adversary; it also stirred. Did it wish to escaper 
or did it rely upon its irresistible fonga? With Incredible quickness which told 
plainly that itrr apparent torpor was only tuctttttl. tbe good serpent darted its open 
cnouth upon the neck of its prey, evidently aiming to get bold of ih? nape of its neck 
in order to render its opponent helples?. The laiter, upon its guard, quickly turned 
and darted its fangs into the Wy of the ether. The good serpent 1*, however. Immune 
io the pciimn by nature. And see, in an instant the iachesla Is enlaced, about 

in this muscular spiral farmed by the body of its adversaryl they roll couvnhdv^ 
one about the other. obO wiLhin the folds of the other, and I wondered for a minute 
whether the Muwnrann wju- not trying to choke the JaramiL Very iron I discovered 
the purpose of rhis maneuver; it hod wired the enemy Ivwot than II hail wMied at 
tho first grasp, and little by little wan advancing it* hold gradually unril it bad its 
mouth up doee to that of the Jarnraca. New it had a firm grip cl ewe to tho lower 
jaw; it hud the jaw ns m a vice with its littlo fiat head, which looked like an imrtrument 
nf a surgeon or of a torturer, closed nippers of steel. Tho venomous heart, lamentably 
open and os if disjointed in the constant effort to escape extended several centimeters 
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beyond the code which enfolded tho body and about which they wore entwined. 
'Rio lart turns formed a kind of thick upon which rested and wna thrown back tho 
fltTelcliftd neck like tW cord on a capitati. 

The whole body of the wicked serpent hurl disappeared within thu folds of die (mod 
Krpcnt; iw extremities alone remained visible, the helpless head on one «;,j r the 
slowly moving tail at the other, 

“He is ping to dislocate tho cervical vertebrae," Dr. Jlwil whispered to mo, "you 
will see; it is very curious." Indeed it was very curious and even rather horrible 
to «e- Due wo were a* if laminated by this spectacle, tho contort between the mod 
ami the had reptile, between Onnutd and Ahrimnu. 

During several mim.t«, which seemed in me interminable, Onnutd had stretched 
tho neck oflui hsIMeed adversary. using sunw of kb own entwining mils as a fub 
cn.m, and fngm, ouriy employing tho principle of the lever. Then he c nwaaux A 
to twirt riowiy from right to left, fn,„, left to right, the stretched, tout nook- 
W as Ahntnaa dead whim I left this spectacle to see the rest of tho institution? I 

*"”**r** when Orel uxd, u/teruur departure, 
commenced to swallow him. An hour later, when wn returned, the deed wJt almret 
done The good Murettratm was stretched at full length upon the greund where we 

Jnt i r r 88 “ l - W ° " am dLnlltrri >- * th. abrupt swelling 

of the steely nrruor .he point to which the swallowing of Urn prey had progressed 

The latter had disappeared, swallowed up rl« to the toil; and a detail wSSni- k 
me and which moved me despite my knowledge of the umamsdotnmess of re fl e * 

TSSSSSSS^ nWane les * ■'“«* “*<»-* tojt 
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When the Spanish conquistadors journeyed northward from the 
mountains and plains of Iferico into what is now the United States, 
their initial expeditions led them along the narrow valley of tho Bio 
Grande* Near Lhe banka of this stream, or sometimes at some dis¬ 
tance from its waters, they found pueblos or Indian villages whoso 
inhabitants supported themselves principally by agriculture* The 
surrounding regions wore peopled by nomadic tribes who derived 
their sustenance from the unfilled resources of an apparently unpro¬ 
ductive land, 

A not uncommon belief among people who have never visited the 
far Southwest—that part of tho United Stales consisting of New 
Mexico, Arizona, western Texas, and the adjacent lands—b that it 
is a vast desert. By a desert is generally understood a region where 
tho water supply is scanty or lacking and tho vegetation sparse* 
That such a cotidilion is characteristic of large portions of New 
■ Mexico must be acknowledged* Not a small proport ion of that State 
consists of sandy plains with hut a thin maiUSo of vegetation, or of 
barren rocky hills and great malpais—areas invested with compara¬ 
tively recent lava flows. But there remains a considerable area com- 
posed of fertile river valley's artificially watered by the streams which 
flow through them, and a still larger region of high mountains cov¬ 
ered with heavy forests and luxuriant herbage. Among the thickly 
scattered ranges rise many high peaks upon which snow remains 
through nearly the entire year* 

In tho most arid desert regions plant life is abundant, even if incon¬ 
spicuous* and tho variety of species U> be found there is greater than 
one would infer from tho number of individual plants. Many among 
those have proved useful to man and wore of the greatest importance 
in iho economy of tho early inhabitants. Existence must have been 
one continuous struggle among tho aborigines, situated m a country 
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whore climatic coiwlilions from kn ordinary point of view arc uiifn- 
vnrable. They had to depend almost wholly upon tho natural 
reaourtea of their homes until tho Spaniards introduced domestic 
animals and improved methods of agriculture, and they were there¬ 
fore forced to utilize every possible source of food, whether among 
plan la or animals. There have come down to us accounts of the 
employment for food of many plants which, to tho people of to*dav, 
would seem impossible of being thus utilized. Tim Zufiis, for instance, 
gathered and ale the inner layer of tho bark of I lie yellow pine, a 
substance most difficult of digestion and nt best very low in nutritive 
value. Tradition has foiled to record the foods to which the people 
were driven in times of unusual want, but in such periods almost 
every plant not absolutely poisonous must have been requisitioned. 
^ ith the advent of civilization, and especially in recent years with 
the development of the railroads, making it possible to impart provi¬ 
sions, the use of many substances which formerly served us fond has 
been discontinued, even by the least civilized tribes. While the 
earlier inhabitants of Kcw Mexico depended upon dozens or even 
hundreds of the native plants, present inhabitants disregard all but 
a few, now that more suitable food can bo so easily secured. There 
are, however, a number of plants which are still used extensively by 
the natives of the country for different, purposes, and some have 
oven attracted the attention of the recent immigrants. 

Most important among native economic plants, at least to (he 
original population, were those which furnished food. Not less 
descrying mention here are some that are or have been employed for 
fuel, m basketry, as dya plants, and for certain other purposes, 

Tho moat interesting, certainly tho most remarkable, group of 
southwestern plants consists of tho members of theCVtiu eje nr meins 
family. These at once attracted the attention of the early explorer*, 
and no stranger visiting lids region, whether ho bo interested in the 
botanical feuturcs of n region or not, fails to remark upon these 
peculiar forms of vegetation. Over 70 species of this group are known 
to occur in New Mexico, ranging in si re from the small globular 
MiunuJanas or pincushion cactuses, often leas limn an inch in iliame- 
ter, to the largo branched rrholla or rnne cactus, frequently 10 feet 
high or more. Almost all the representatives of this family bristle 
wiik spines, which fortify them against the assaults of animals, or 
possess oilier adaptations for maintaining themselves amid tho most 
unfavorable surrounding. They are found everywhere in New 
Mexico except upon tho high mountains, but they are by fur most 
numerous in tho southern part of the State. Hero on a single email 
calcareous lull no le» than IS species have been collected, each rep- 
rraontcii by huadredii of mdivicliuls. 
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For the greater part of the year cactuses arc little mom than 
masses of spines, of bizarre but scarcely beautiful appearance; but in 
the spring with the advent of warm weather their buds develop and 
the plants are transformed into dusters of resplendent flowers. No 
southwestern plants produce more showy blossoms; hence they urn 
admirably suited for cultivation in arid districts, where it hi difficult 
of impossible to grow t he ornamental plants favored elsewhere. The 
most beau I if id of all our native cactuses am the species oF the genus 
Echinoecreiis. These am characterized by spiny cylindrical Htems* 
seldom more than 1 foot high and 3 nr 4 inches in diameter, growing 
singly or in clumps. Their flowers, home profusely along the angles 
of the stems, are veiy large, often 6 inches long, and of bright and rich 
hues ranging through yellow, pink, scarlet, salmon, crimson, and 
purple. At the New Mexico Agricultural College beds of some of the 
ddTcreut species have been established, each containing several hun¬ 
dred plants. When in full flower these present a display of color sel¬ 
dom equaled by any of our cultivated plants. Unfortunately they 
do not bloom all summer, but usually continue in flower several weeks. 
Other groups of the Cactacofle are almost equally handsome. Tlio 
prickly pears are covered in early summer with yellow or whitish 
flowers, The cane cactus {Opuntui arhorcsa-n&) beats hundreds of 
largo red blossoms. The flowers of the Mamiilarks are generally 
bright pink but too small to be showy, and those of [he species of 
Ediinocactus are small and of dull tints. 

The most widely distributed of the cactuses are the prickly peam or 
flat-jointed Opuntias, whose mpmsentatives in New Mexico number 
about 30 spades, at least one or two of which occur in every section of 
the State fpb. 2, 3). This is the group to which the so-called 'spine- 
loss cactus" belongs. While there are no native species in Now 
Mexico that mo completely spinel ess 3 at least two arc practically so. 
The spineless sorts which am reputed to have been developed in culti¬ 
vation are tender and can not endure the winters jtf even the southern 
part, of the State. Tho common spiny prickly pears, the nopale^ of 
the Spanish-speaking people, are used as food for stock, especially 
when seasons nf drought have depleted the ranges. They are less 
extensively utilized in New Mexico than in some other parts of tho 
Southwest, chiefly because the stockmen of the St el to are unac¬ 
quainted with their possibilities. To prepare them for cattle feed 
the spines am singed oft with a torch, after the plants have been 
hauled to some central point or while they are standing in the field. 
Experiments have been made to ascertain the feasibility of growing 
prickly pear in quantity for stock feed, but these have so far resulted 
hi failure, chiefly because cotton tails and jack rabbits eat them os 
rapidly as they grow and seem to prefer the cultivated plants. When 
3S734 0 —-nr I to--*9 
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Hard pressed by hanger cattle will eat cactuses, spines and b1I p even 
a(t or king t1 w ve.ry s phiy choUas, Tile jornts of the choll aa sire read U r 
detached from the plants and are often seen clinging to the animal 
bodies. 

In some part?; of the Southwest the voting pads of the prickly pear 
are prepared for human food, the tender joints being peeled and 
conked in various ways. They are imt likely to become a popular 
vegetable mice they are nearly flavorless and tlieir largo amount of 
mucilaginous matter La unpleasant to must people* The joints have 
been used as pouhires and their juice is occasionally employed in siz¬ 
ing rough walk pre-par ate iy to the application of paper. 

The fruit, nf the prickly pear, known as the tuna (pi. -1, B) k h highlv 
prized in Mexico, where it is gathered in great quantities. The kinds 
growing there have larger and more palatable fruits than any of the 
New Mexican forms. Some of the northern species produce a drv 
fniit consisting of little but spines and seeds* and consequent Iv 
inedible. Others of the tunas are large and juicy uml beautiful]v col¬ 
ored, but even they have large seeds. The fruit has a pleasant flavor 
:md a tooto for it does not have to lie aetjoired, as it muht for mo many 
of the unusual tropical or semi tropical fniitk Some of the other 
cactuses have still better flavored fruits, best of all being these borne 
by the different &|iecies of Echiitocereu*.. In tills genus the seeds are 
small and can be eaten along with the pulp. In the earlier days, and 
it* some extent at the present time, the different cactus fruits were 
gathered by ilie Indians, who ate t he fresh ones either raw or cooked, 
find often dried them in the sun for use in winter. The tunas are cov¬ 
ered with very fine spines which must be removed, the Indians rraurt- 
ing to small brushes nf dried grass fur the purpose. The Ediinocereus 
fruits, besides being much more finely flavored than the tunas, are 
easier to eat because they arc protected only by large spines tliat are 
easily removed with the fingers when the fruit k fully- ripe* 

Tunas have not been utilized extensively in New Mexico by recent 
immigrants who often cat them when they happen upon ripe fruits 
but seldom make any definite effort to gather them in quantity. 
Sometimes they arc collected and llu ir juice extracted and used in 
the preparation of jellies and simps, the products thus obtained com- 
poring favorably hi flavor and appearance) with any similar ones from 
other fruits. It has been discovered that a valuable coloring matter, 
a rich red similar to that of eoehinaal, ran be extract eel from them to 
be used in tinting candies and partly. The prickly pear, bidden- 
tally, is often a host of the cochineal insect which in spring and early 
summer often completely covers thn plants with its white webs. 

In the southern part of New Mexico* on the mesas bordering the 
Rio Grande* is one of the most remarkable cactuses, known m the fish¬ 
hook or bam! cactus or viznaga {Ecldnotiactm mdiztni. pl + 
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This was unknown to botanists until the your 1840, when it was dis¬ 
covered by Dr. WtalfceiitES who was making u journey of scientific 
exploration through the Southwest. I In Hr^t saw ilin vi^ingii near 
the village of Dona Ana at the lower end of the Joroado del Mnerto, 
on August 5, and speaks of it in these words: 

iWvrv it i achij]g 1 ^jiuitaa I uwl m tfr<? ft Hid wifli the hrjtfsrt cactus of rln> kind I him* 
ever R't'll. 1 1 Wits nil o vnl Ei-blnunirttia with tflteunmma fishhook-like pnckkfl, 

Ing in liylglit 4 fart an4 in the Ury^i cincumforciicfl 0 feet 8 mtrhe*. It had yulJGW 
iWoMand ae the wiiuu linn* ^je<j p hoih ni ^'hich l took along with soiuo of tJn> riba. 

These specimens ultimately reached Dr. George Dngelmann of St. 
Louis, the first botanist to make an extensive study of our North 
American Cartaccoo, who named thespecies in honor of iU discoverer* 
Tiiis viznagn is seen in cultivation in the Southwest and occasionally 
in the East- The plants that have been mutilated assume strange 
forms, and bifurcate or cristate stems are not uncommon. 

The barrel cactus is a potential source of water in extreme need- 
When its top is removed and the juicy white pulp macerated with a 
club a quantity of a dear watery liquid is extracted from it. While 
this will serve as a substitute for water in cases of severe thirst its 
taste is not id together agreeable, and fortunately jn New Mexico 
writer is rarely so scarce as to necessitate such a substitute. The pulp 
of the vhmaga is used more salisWt only for another purpose* When 
cut into strips or cubes. In dik'd several hours until tender, then cooked 
in a thick simp which is usually prepared from the crude brown sugar 
so largely used in Mexico, molded into rough cones known ns pilon- 
cillos, the resultant product is a candied pulp similar to candied pine¬ 
apple or citron, of n delicious flavor (pi 5). Large quantities of it are 
made every spring by the native people and sold by vendors about 
the streets of nearly all southwestern towns. It is known as duteo 
de vknaga. More recently another possible use for the plant lias 
been found. The flesh after being cut into long thin strips and, 
treated with a glycerin solution forms a sort of vegetable leather 
which hm been manufactured into souvenirs fur the tourist trade, 

Rcmaricabk among the novel curios to be found in the shops of 
the towns frequented by tourists are the canes made from the stems 
of the cholla (Opuntia arbaresetm)* The$a are long mlrow cylinders 
of wood composed of a network of coaise woody bundles with many 
interstices. They are the woody part of the cholla from which Saab 
and spines Lava been removed* Although easy to prepare, to one 
who is Ignorant of the method of manufacture they appear to have 
been whittled from a solid stick of wood with painstaking; care* Tliis 
tree cactus is another of the plants first made known to science 
through the explorations of Dr* WLdizonus. Among the Spanish 
people it is sometimes known os vchts de coyote (coyote candles)* 
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Almost as conspicuous as the cactuses are the Yuccas, a group of 
desert pi tints whose members are variously known as Spanish dogger, 
soap weed, Spanish bayonet, palma, palmilta (pi. I), or datit* There 
are seven species that grew in New Mexico, at least one of them in 
every part of the State except the higher mountains, and one specks 
does extend into some of the ranges as high aa 9,00!) feet. Usually 
they grow' on the plains and mesas or in the foot hills ► Most of them 
are low, consisting of a cluster of long, narrow, more or less rigid, 
sharp-pointed leaves 2 feet long or shorter, arising from a short stem 
orcsudfix* From this moss of leaves appears the inflorescence, which 
takes the form of a raceme or panicle crowded with nearly white, 
belhshaped flowers (pL 7) + In southern New Mexico three species 
grow much larger, having trunks often 6 or 8 and rarely 15 feet high, 
surmounted by a duster of leaves above which are thrust up the 
panicles to a height of 3 to 5 feet more. 

The yucca which is of greatest economic importance, perhaps, b 
the clti-i-U (Yttee^x bficmk i, pi- 8) t which grows in the foothills of the 
northern part of t he State in great abundance, and extends in leaned 
numbers south to the Mexican border. It is one of the? low forms, 
never more than 2 or 3 feet high, but it U noteworthy from the fact 
that it-n fruit, unlike that of other species, is fleshy mid edible. In 
form the fruit b cylindrical nr conical and usually 6 inches long, 
with u si non th f?kin. When ripe it somewhat suggests n banana, 
because of its shape and yellow color, and is palatable despite the 
large black seeds with which it is filled. No use Las ever been in ado 
of it by the Englkh^peakiiig people and little by those of Spanish 
descent, but it was an important food among the Indians, who do not 
altogether ignore it now. The Nava has made more extensive use of 
it than any other tribe, possibly because the plant grows so luxuri¬ 
antly hi their territory, where it sometimes covets the foothills with 
almost unbroken ranks. Regular expeditions were made to gather 
the fruit when it was ripe. Some of it was eaten fresh T either raw or 
rankl'd, but (it len it was preserved for winter use* The ripe fruits 
were dried by the fire on flat stones, then ground and knnaded into 
small cakefij which were laid in thesun and allowed to dry still further. 
These cakes Wnro stored until wanted, when they were broken up and 
mixed with water and in this form eaten with bread, meat, or other 
dishes* 

The Zufiis, and probably soma of the other Indian peoples, ate t.ho 
seed capsules of the dry-fruited species after tiiey had been boiled 
and made into a sort oF pirkle. These must be very Inferior to the 
fruit of tbo datilj for they have an unpleasant taste before being 
cooked, besides being hard and not at all flesh}-. 

The roots of all yuccas contain a high percentage of saponin and are 
employed os detergents. After being dug and grated or otherwise 
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reduced to small particles they are used almost exac tly «s soap, form¬ 
ing a copious aud persistent lather. Bulk lilts Indiana and ilia 
Mexican population use the soap weed in this form, especially for 
washing the hair. The ground root, amole* is said to be superior to 
soap for many purposes. In small amounts it lias been placed upon 
the market, where, If its merits were bettor known* doubtless a profit- 
able sale could be found forit* The soup weeds llirivoso well through- 
out the Southwest that an almost inexhaustible supply of the mots 
could tie depended upon- There are possibilities in the use of 
saponin from this source for other purposes. 

Yucca leaves furnished the Indians with the most satisfactory 
material fur their basketry- The Mcscalero Apaches, whose baskets 
compare favorably with those made by any of the North Americ an 
Indians, use the leaves of two species (Yucca mdirna and Y. macro- 
airpa)t obtaining from wither of them two colors of filler with which 
they usually associate a third derived from another source. From 
tho interior of the yucca leaf is taken the nearly while fiber which 
forms the groundwork of the basket. The geometrical designs with 
wide 1 1 ih esc ure customarily decorated are worked in with strips from 
the outer (itutstv part of the leaf* of a soft greenish-yellow color. 
With these the weavers combine a few strands of a dark reddish- 
brown fiber prepared from the bark of the lomita, a kind of sumac 
(SsAmd/tehi trilobate and related species}. Sot all Indian baskets 
made in New Mexico are woven from these materials, but moat of 
them ure substantially the game. Some tribes use the bark of the 
willow or that of other trees md shrubs, w hile a few prefer the stems 
of cat-tails* rushes, or sedges. The Apaches also fashion wicker water 
bottles from the slander willow twigs* waterproofing them with 
interior and exterior coats of resin from the yellow pi he. Anywhere 
upon tlieMsseakro Reservation one may come upon dead pines* killed 
by the removal of the bark from their trunks for several feet above 
ground so as to produce an exudation of resin fur this purpose. 
Almost all the Indian tribes of the Southwest manufacture similar 
receptacles for water, although snipe use earthen ware jars. 

Because of the prominence and strength of their fibm-vascular 
bundles Yucca leaves Lave been considered ns a possible source of 
fiber for cordage* but they are not wdl suited to such a purpose since 
their product is coarse and bard. On a small scale the leaves have 
been made into heavy stable brooms and there h a possibility of a 
more extensive utilization in this direction. 

There are several New Mexican plants that may become fiber pro¬ 
ducers. The bear grass (Ydlna microcarpa and other species, pi. 9) 
furnishes a good quality of fiber* and tests have been made of the 
eotnl (TM^jUrion whederi). Related plants furnish commercial 
fibers m Mexico and other countries. The leehuguiliu {Agave It dm- 
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a congener of tho mescal but n smaller plants yields a fiber 
which is twisted into mpe and twine in Mexico. It covers many 
miles of the desert of western Texas, although in that region little 
effort has been made to utilise it. It barely reaches southern New 
Mexico and can never be of economic importance here. 

Recent advances in the price of rubber caused by its increased use 
in manufactures, have stimulated a search fdl over the world for 
nibber-yiidJuig plants, A large and profitable industry has been 
developed in northeastern Mexico in the extraction of rubber from 
one of the Composite known as guayule {Pttrihcnium argmtfttum). 
It has been reported repeatedly that guayulo occurs in New Mexico, 
but such statements are not supported by investigations* Although 
the sections of this State where it might be expected to grow have 
been carefully explored by botanists searching for it, not a single 
plant boa been found. Another species of the genus* m min hi {Par- 
thmium incanum)* from which robber can be extracted* does occur 
in New Mexico on the dry limestone bilb near the southern border. 
11 is said hi yield a fair quality of robber* but u lower percentage of 
inferior value to that obtained from guayule. Nowhere in the State 
is it found in sufficient quantity to lue of commercial importance. 

Another member of the same family* the Colorado rubber plant 
(IltjnuTwrym jfanbundti) b abundant in northern New Mexico, where it 
covers hundreds of acres on the low foothills or higher up among the 
pine trees, sometimes to the exclusion nf almost all other herbaceous 
vegetation* By chewing sonic id the stems for a few minutes a small 
m*m (d crude rubber is obtained. A few years ago a company wits 
formed in Colorado to extract rubber from the plant, but the under¬ 
taking was not a success. While there is no doubt that rubber can 
be gotten from this source, it is questionable whether a large enough 
supply could be relied upon to make extensive operations practicable. 

A prominent feature of the deserl flora of the Southwest* along the 
rocky hilts or advancing upon the plains, are the stately Agaves* gen¬ 
erally known its mesad or century phints, several spedcs of which 
are at home in New Mexico (pi. 10)* * Their leaves are broad and short, 
never more than 18 inches long, succulent, forming a compact rosette. 
Each is tipped with a sharp dark spine and is armed along the edges 
with stout hooked prickles. The tall flower stalks of our native 
species are 10 to 15 feet high or more, surmounted by thick divergent 
branches bearing hundreds of yellowish flowers. It b a popular 
belief that the century plant blooms hot once* when it has rounded 
out a hundred yearn* banco the common name. A possible hn&m for 
this reputation is that in cultivation tho plants seldom flower, 
although in their native haunts flowering plants are of common 
occurrence. They are known to bloom long before they attain the 
century mark and probably require only a comparatively few years 
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to reach maturity* Each plant flowers but once, the leaves wither¬ 
ing as soon as seed is matured* About each dead plant is usually left 
a colony of young ones formed from suckers, by which the plant is 
propagated The true mescal plant, a native of Mexico, the source 
of pulque* mescal, tequila, and other drinks, is not rare in cultivation 
in southern New Mexico, but is not indigenous. 

The native Agaves furnished one of the most import not items In 
the diet of the Apaches and other Indian tribes, who used them for 
making what is known as mescal. It is from the manufacture of this 
article that the Mcscoiero Apaches, whose reservation lies in the 
White and Sacramento Mountains, receive their name. 

There arc two substances to which the term mescal is applied. It 
is more generally used to define an intoxicating beverage distilled 
from the fermented juke of the Agave, This drink k consumed in 
every part of Mcxiep, but k probably not in aim Tartu red to-day in the 
United States. After the coming of lUc Spaniards the natives of the 
Southwest learned to distill the alcoholic drink and it k not impossible 
that they had even developed die process independently* This, how¬ 
ever, is not the mescal to which the Meacalero Apaches owe their 
designation* 

The Apaches, like othere of the southwestern Indians, were wont 
at certain times of the year to visit the localities where the century 
plants were most numerous. The favorite season was In early sum¬ 
mer when the flower stalks were just starting, hut the plants Could 
be used at any time. Pits 10 or 15 feet across and about 3 feet deep 
were dug mid lined with stones, then filled with wood which was fired 
and kept burning until they were thoroughly heated* Tha fire was 
then raked out and the pits filled with the succulent Agave leaves. 
After being covered with grass or weeds the pits were left for some 
time, usually about three days, when they were opened and the thor- 
ougldy cooked leaves {mescal) were taken out and eaten. The leaves 
thus cooked contain much sugar and have an agreeable sweet taste* 
They consist so largely of fiber that they are unfit to be eaten as a 
whole, but must bo chewed until the digestible part is removed, the 
fiber being then ejected. Large amounts of mescal were prepared 
after tins method and either eaten at mice or partly dried and stored 
for later consumption* Mescal pits are of common occurrence in 
New Mexico wherever the Agave grows (pL 6, B ). The Mesealcros 
still prepare this food, but not such stores as in earlier days* In the 
markets of Mexico the some article is everywhere offered for sale. 
The leaves of the species used there are larger and furnish a greater 
amount of nutritious matter than the northern kinds* 

Another desert plant, more closely related to the Yuccas than to 
the Agaves, is the sotol (D^syhrion whederi, pi. 11), which was utilized 
by the Indians in much the same way as tho century plant. Of this 
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they used only the heart of the plant taken just when the flower stalk 
was pushing tip. The trunks 'were trimmed and placed in l he pits, 
where they were treated exactly like the mescal. Tills product must 
be far less suitable for food, for the stems are hard and woody and only 
tho youngest parts can be easily rendered edible. Sotol has been 
used in (ho manufacture of alcohol in ti commercial way, tho sugars 
contained in the stems being readily fermentable. "With this as a 
basis reports have been issued of the distillation of alcohol from 
cactus, hut tho sugars contained in the different cactuses have so far 
not proved susceptible of fermentation. All plants that have spines 
arc popularly known as cactus in tho Southwest, and here may be 
found the probable source of this erroneous report. 

Sotol bus proved its utility as feed for stock, especially when con¬ 
tinued drought has caused a scarcity of grass. Cattle if starved can 
eat the plants as they stand in the field but are likely to bo injured 
by the sharp edges of tho leaves. When the plants are cut in two, so 
us to expose their interior, they are greedily consumed. One cattle¬ 
man in tho southern part of the State, while fattening cattle for 
market, had several carloads of sotol shipped in for feed and used it 
with profitable results, Tho plants are very abundant in some 
localities, closely covering broad slopes along the foothills. 

New Mexico is not bountifully provided with wild fruits, but there 
is a considerable number of native ones, some of which are not par¬ 
ticularly paint able but can be eaten. The number that are really 
useful is small compared with those found in the Central and Hast era 
States. 

Tho most valuable of all, certainly the moat delicious and most 
frequently gathered, is the red raspberry (Rubu9 atrigosut) which is 
exactly like the plant that bears the sumo name farther cast. Seldom 
does it grow so luxuriantly as in some localities in New Mexico, where 
it forms thick patches, often several acres in extent, in the broad 
open Valleys in the higher mountains. Its well flavored fruit is borne 
in profusion and is often gathered in quantity when accessible. It is 
a favorite food of bears and many of them frequent the berry patches 
when the fruit is ripe. A near relative is the thimbleborry (Rtthicer 
parviflonw) which also produces a red fruit likn the raspberry, but 
unfortunately the plants are low, never more than 1 or > feet high, 
and each bears but few fruits, so that gathering tho berries Is u tedious 
task. Strawberries of excellent quality are found hi most of tho 
mountain range*, sometimes in sufficient abundance to bo gathered 
for tho table. In the ranges between Santa Fe and Las Yogas Im d 
northward a blueberry ( oreopJi'dum) is commun. It grows 
in sandy boU high up among the spruces, a low shrub rarely more 
than a foot high, loaded with small wine-colored berries which are 
often picked and eaten. On the Plains along the eastern border of 
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the State are scattered thickets of the Band plum (PmrvM wateom) 
whoso fruit k used for jams and jellies. The wild ml plum (jPrunu* 
amtricana) is known in a few localities in the mountains. It is 
abundant about the pueblo of Taos whose inhabitants utilize all 
the fruit produced* In some part* of the State this plum seems to 
have escaped from cultivation hut in places it is almost certainly 
indigenous* 

The buffalo berry {Lepargyrm wgm grows in the San Juan 
Valley, a huge shrub usually about 10 feet high, with silvery white 
leaves and dusters of very Email currant-like berries. The fruit ban a 
flavor not unlike that of the cultivated red currant and is gathered 
and preserved* Currants and gooseberries are seen everywhere in all 
tho mountain ranges. Unfortunately the fruit of the wild currants 
is tasteless anil insipid and k seldom used for food by the English- 
speaking people although employed by tho Indians formerly and to 
so mo extern to-day. Tho native people used the fruit either fresh, 
or dried and preserved for ranter. From the berries certain of the 
western tribes prepared an intoxicating beverage, one of the species, 
Ribes imbriuns, receiving its specific, name from this fact* One of the 
gooseberries (frrosmhriu pinker am) is distinguished hy having its 
fruit, while agreeable to the taste, so densely covered hy sharp spines 
that it can not be eaten* Elderberries (Sambucus micrubt>iry$ and 
other species) grow in most of tho mountains and in the lower Mo 
Grande Valley. Ail have edible fruit that is sometimes gathered* 
The Mexican elder bony (SmAtfeu* m€iicarui) t which is frequent in 
cultivation in the Rio Grande Valley and may bo native in Eome parts 
of the State, differs from the eastern species in becoming a good-sized 
tree. It h valuable as an ornamental plant because it is green nearly 
throughout the year and may put forth its blossoms even in January 
or February if there are a few days of mild weather* The algerita 
(ISerb&ris iawnalocarpa) , a native of the hills and dry canyons, is a 
barberry which bears quantities of juicy blood-red berries that are 
made into jellies* There are several other barberries, including the 
“Oregon grape*' (Berbcns rtpen#), which grow in Now Mexico, but 
never in sufficient abundance to furnish any considerable amount of 
fruit. Goo of the ground cherries (PljfiwJu ntomtAmm)* it trouble- 
so mo wood in cultivated land at higher elevations, makes excellent 
preserves, besides being prepared in other ways. 

Tho fruits that have been mentioned are nearly all that am used 
by the Englkk-s peaking people of the State, but in former times the 
Indians were compelled by the general scarcity of food to make ubq 
of many others, and some of the more primitive tribes, like the 
Navahos, still employ sumo of them. Among those whose fruit has 
been utilized are the lot* bush iZigyphw* hjcimdfs) and Condtilia 
xjxith viola , low straggling desert shrubs of tho southern means, the 
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wild grape {ITri-i arisomcn), choke cherries {Forfar n%zlantjcar$a and 
R capufOr the wild rose (tho fruit dr hip® of Jfc^/ewffcn and other 
species), service berries {Amebmdiier sp.}, mulberries (ifoni# micre- 
■phtflh a)j haekberries (CVWis fiftctfo&O , lemiU (SrAfTtnltei® frifo&afa}, 
and tomariSk (Lyciuni tomyL L< patMdum, and other specie-). Of 
the first two shrubs a Mexican once told the writer that the fruit con¬ 
sists of mudho hues® y poco mme" (a large seed and little flesh), 
and tins is true of moat of those just enumcrated* "Wild grapes grow 
in many of the mountains, but their fruit is small and sour. Mul¬ 
berries aro found only in the southern part of tho State. The trees, 
which stood in Ihe drior canyons and on open stony slopes, are small 
i l i l i e stunted, and the fruit b undersized and not very juicy. Services 
berries form thickets in most of the mountains, but tho berries arc 
small and iusipld. The fruit of some of the species found in tho 
northwestern part of the State is nearly if not quite dry, and bo is nut 
edible. The buna tills, a characteristic shrub of the mesas ami river 
valleys, bears an abundance of bright red juicy fruit which Ls eaten 
by the native population, although it does not seem voiy appetizing. 

Besides these fruits—in the popular sense of the word—tho seeds 
of many plants formed part of the food of the Indians. Those of the 
sunflower, a weed which thrives almost everywhere m the West, were 
gallic re 1 1 and ground into meal. This is so rich in oil that it was sel¬ 
dom used nUsiie but was mixed with other substances. The seeds of 
some of the amaranths (Amanintluis spp.) and gooeefoota or lamb's 
qua Mcrs (Ohcno jKKliumspp.) were collected by the Zuflis and N availed, 
as Well as those of purrinne {Portulaca ofrmcce and P. rdu^a} and of 
Certain grasses. The Apaches depended upon a sort of bread made 
from the ground legumes and seeds of the mesquite and the tnmillo 
or screw bean {Slmnhocarpa ptibesccm ). The pods of these shrubs 
ore rich in sugar and sweet to the taste. Children are often seen 
chewing them and they are relished by stock of all kinds. Tim 
Zuais gni hered cedar berries and after grinding them formed the meal 
into cakes. Young fruits of the wild gourd {Cucurbiia focttfltSRw:a) 
were cooked in various ways. 

Besides the seeds of the luml/s quarters the plants themselves, the 
leaves and young shoots, were cooked os cr greens," just as they fre¬ 
quently are in other part® of Korth America* Additional succulent 
plants such as tho purslane, tho Kocfcy Mountain bee weed (Peri&wswi 
eemdsiuni), a small composite {Pictw a tj fjugtrjol id), mid man)' others 
were treated in the same way. All plants used thus are known by 
the Spanish name of quelite. It seems almost incredible to anyone 
familiar with tho bee weed that it could ever be eaten. It is one of 
the most common plants of the northern part of the State, covering 
largo extents of mesa laud. In stems and leaves when crushed give 
off a most offensive odor, but t his is said lo disappear upon cooking. 
Only the young shoots are used us food. 
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Wlfcil^ Mew Mexico furnishes a number of fmite capable of being 
utilized in different wavs, in the matter of nuts the State is not so 
fortunate, there being only one that i* of economic importance. Two 
sjM'cies of walnut'^ (Jwg'am rupttfnti and J. laajVr} grn\v in the moun¬ 
tains and low foothills. The first bears very $mtAl nuts, scarcely 
largo enough to be eaten, and the second bus them but little larger 
and of poor flavor. Indians formerly collected the acorns of the 
many oaks for food* hut it is improbable that they use an}" present. 

The one kind uf nut which New Mexico docs produce m quantity 
is the ptnyon (Finns frfuli& T pi. 12 f A). This is the seed of a small 
pine tree, seldom more than JG feet high and often much lower, which 
grows almost ever vwh ere in the State at elevations of from 5.000 to 
7,000 or 8,000 feet. Where tin nut pine Is found it h the must con¬ 
spicuous component of the vegetation and often the only tree or 
shrub present, although commonly associated with one or two kinds 
of cedar* The nuts are inclosed in small nones, only a few in each* 
They are gathered in one of two ways. More frequently, aficr frost 
has come and the cones are opening, the nuts are shaken down upon 
blankets spread beneath the tree?. Obviously only a fractional part 
of them can be secured in this manner, at least at a single shaking* 
Another method is to pick the cones before they are open and \m\t 
them until the nuts fall out nr etm bo removed by the lingers, 1 J1 
either CEise they are rousted before eating, to the improvement of their 
flavor. The delicious taste of the roasted nuts is not excelled by that, 
of any of our well-known kinds, and indeed is equaled by few of 
them. The nuts tire small, scarcely more than half an inch long, 
and oblong in outline (pi. Yl f B ), Their thin shells are easily broken 
by the teeth and separated from the meat by the ni l of the tongue* 
In the Southwest, at least among the native population, pinyous 
are much more popular than peanuts, to which they arc most com¬ 
parable, and wherever a crowd assembles on some festive occasion or 
on market days, the ground and sidewalks are soon covered by the 
shells. They eon not be eaten rapidly^ consequently one can eat 
them almost all day long. Enormous quantities of pin yon nuts are 
gathered in good seasons, which are said to occur once in every five 
years. In Home localities they ora brought into market by the 
w a grinload and lmve been gathered in largo enough amounts to be 
used in feeding horses. Most of the crop is consumed in the South¬ 
west where the piny on is known and appreciated, but a part is 
shipped East and retailed in the fruit stores of the Larger cities. 
Candy manufacturers have used the nuts in sweetmeats and th*y 
would become a staple article if Ihc supply were more constant. 

The nuts of another Now Mexican pine (Finvs jh AUx) are edible, 
but they have such thic k shells that they can net ho easily cracked 
with Llio teeth and are seldom gathered* The gum of the pinyon 
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U sometimes chewed, being similar in flavor and consistency to 
spruce gum. 

Several plants native to New Moxitu have roots that servo useful 
pur|M*ses. Two kinds of wild pot it toes grow in tho State, one of 
which {Solatium jumcmi) is a common weed in cultivat ed lands in the 
pin von belt, while the other {Solatium ftmUtri) is not rare in the 
higher mountains on shaded hanks along with pine anil spruce trees. 
The latter b not distantly related to the cultivated potato {Solatium 
tuberosum) and has been referred to that plant as a subspecies. It 
has small tubers about half an inch in diameter which are sometimes 
eaten. Wild onions, as well as the roots of certain umbellifers and 
uf wild liquorice (GZycyTT&iaa hpi&ota) were used for food In the 
earlier inhabitants of the region. A member of the Senna family, 
lUjfmausrggUi dtnaijtom, found on the lower alkaline land in the 
western part of the State, is known iu» remote do raton or rat's sweet 
potato. It develops along its roots many spherical tubers an inch or 
less In diameter, which the Indians dig* and cook like tho common 
potato. 

A near relative of the yellow dock, known os cafioigro (Rumtx 
hy ificutts tpal us) is another plant whoso root is economic ally impor- 
timt. Tills is often the first plant to bloom in the spring on the sandy 
mesas of southern New Mexico. The flowers appear as early as Feb¬ 
ruary in the lower Bio Grondo Valley, and by the time most other 
plants aro blooming this has completed its growing season and its 
fruit stalk and loaves have disappeared. For the rest of tho year 
the plant consists of a large mass of fascicled roots similar in ap|>oaj> 
unco to those of the daldia and about ns large, Tkev aro rich in 
tannin and are employed throughout l.ho Southwest in Landing 
I lidos. Most of tho cattle, sheep, and gout skins cured within the 
region are treated with cuftaigro roots. Util Leu lion of tho plant for 
commercial purposes lias Ixson attempted. Experiments toward this 
end were successful in demonstrating tho efficacy of the rents in 
tanning. 

Tho problem of fuel iu New Mexico has solved itself in much tho 
same way as elsewhere. Wit li the advent of the railroads coal mines 
wore optimal and coal Is largely used in localities where it is accessible, 
but wood is still tho principal fuel. In tho mountains, with the 
forests of pine, fir, spruce, and other trees to draw upon, lire wood is 
obtained at no great expenditure of labor. Where available oak is 
preferred to tho wood of coniferous trees because of tho less amount 
of soot formed by its combustion. In tho foothills of tho northwest¬ 
ern and western parts of the Stuto pinyon and cedar are tho woods 
depended upon. Tho pungent odor of cedar smoko which greets one 
whenever ho up preaches a human habit at ion must always bo asso¬ 
ciated in memory with Indian camps to ono who has traveled in the 
less frequented parts of the Sou ill west. 
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In tho river valleys, often far removed from forested mountains, 
or separated by almost impassable country, tho fuel question b leas 
easily solved. Thera is a widely quoted saying that in tho South- 
wept man "dig for wood anti climb for water." The first part of tide 
st atomant is literally true. Tho people of southern and southwestern 
New Mexico, like those (if the adjacent regions, depend for fuel 
largely, if not chiefly, upon u low, straggling, spiny shrub, which 
would certainly bo ignored by one not acquainted with its peculiar 
possibilities, The mosquito (Prosopis gfanduhm, pi. J3) is a widely 
distributed and characteristic plant of all tho Southwest, being in 
Now Mexico always a low shrub, never mom than 3 to 5 foot high, 
its slender branches seeming oven mom tenuous by mason oF the 
sparse dissected foliage with which they are invested. Tho branches 
am so email that even ware they ad iompressed into a solid block of 
wood they would still supply but scant fuel. Tho shrub’s value lies 
not in its branches and trunk, however, but in its roots. When t lies 
sand heaped about tho stems, is pushed away and tho mote uncov¬ 
ered H becomes evident that tho mosquito can bo a poureo of a largo 
amount of firewood. Tho roots have l*een developed more than is 
common in woody plants, presumably that they may servo as stor¬ 
age organs for water, and thus enable the shrubs to exist in the arid 
regions whom they grow. Many of tho native Mexicans earn no 
inconsiderable part of their livelihood by digging mosquito roots 
upon tho mesas or in the waste land of tho valleys. Each bush yields 
a large amount, of wood, but there are no data available from which 
to dot ermine the amount per acre, While in the form of very thick 
and gnoriod hard roots, extremely difficult to cut or split, when 
final] v prepared for the stove or grate the wood is of unexcelled 
quality. It can bo burned green, hut is improved by drying, Tho 
tops or branches are usually thrown away. Unimproved land in 
the valloys is generally covered with mosquito and removal of tho 
bushes and roots must precede cultivation, 

A near relative of this shrub is tho tomUlo {Strtmboearpi pube&- 
ccits, pi 4, it) or screw bean, which receives its English name—tho 
exact equivalent of its Spanish one—from the shape of hs pods, 
which are coiled into a long cylinder so as to resemble a screw. In 
the case of tho tomillo tho stems, not the roots, furnish fuel. These 
are little larger than an ordinary broomstick and would appear to 
bo an unsatisfactory source of heat, but thousands of loads of them 
are cut in the valleys every year. The bushes grow only in tho allu¬ 
vial lands, Whoa out off near tho ground, they sprout up and are 
soon ready for cutting again. 

The land immediately bordering tho principal streams is nearly 
always covered with bosques or groves of the valley cottonwood 
(Populwi wwJtoerri) accompanied by a thick undergrowth of small 
shrubs. The cottonwood, which id ton reaches a large size, k used 
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principally in tJio construction of houses, corrals, and shelters. Tire 
wood is so soil that it bums almost as rapidly m paper and produces 
an intense heat but of short duration, "lire large tows socan immune 
to destruction os long as loft to the native people, who w apparently 
baffled by their size. In some localities fine sei^ mm going milas to 
dig mosquito roots, an operation requiring the hardest kind of labor, 
while along the roads lie huge trunks of fallen cottonwoods P untouched 
because the people do not know how to cut them up. 

Best known among all the handiwork of the North American 
biili oils aro tho splendid rugs made by the N&vahos, whose reserva- 
lion occupies tho northwest comer of New Mexico. These blankets, 
whose woikmamhip would be a credit to any civilized people, notwith¬ 
standing the crude methods of their manufacture, are noted for tho 
permanence and harmony of their colors. To-day the mw wool h 
colored with imported synthetized dyes, but formerly all the colon* 
of the blankets, like those of oilier similar articles, were obtained from 
native plants or mineral substances. Red was produced by a decoc¬ 
tion of the mountain mahogany {Ccfcrtcarpus pannfolim) , tho 
powdered bark of the aider (Alnust Unuifolia) y and the ashes of tho 
cedar (Juniperus mon&sperma and J* tdahemis)* Yellow w r os 
obtained by rubbing the wool with a pas to made from tho roots of 
eoftaigro or by using an extract of tho flower heads of rabbit brush 
(Chnsotiiiammis sppd. Black was produced by a decoction of the 
leaves and berries of the lemita (SefimaUsut trSohala) combined with 
calcinctl gum of the pinyoiu Other tribes elsewhere in the State used 
different plants to secure the same results. 

There Is not space here to enumerate any of the plants used 
medicinally by the Indians; indeed but little is known or probably 
ever will bo known of this subject. To almost every plant some real 
or fancied medicinal virtue was assigned- While many of these uses 
were purely empirical,others doubtless ware based on some substratum 
of fact. There h a common herb which Ls reputed throughout all the 
West and Southwest to bo a remedy for the bite of the rattlesnake. 
Others were used to treat the stings of venomous insects and of 
spider^ and scorpions. Nuria there space for the mention of any of tho 
forage plants, in, whose variety and abundance coinsists New Mexico '$ 
greatest natural resource, furnishing sustenance to thousands of head 
of stock each year. A second great asset lies in the extensive forests 
which cover fill the mountains, Tho&o plants which are liere briefly 
noted are but the most conspicuously interesting ones, but them 
remain many more which are equally or more deserving of mention 
and may be shown by investigation and exploration to bo more useful 
to man, 

Tbe photograph for plates 4.1,tl, and 1 2A t were courteously supplied 
by tho Biological S urvey, th S, Depart ment of Agriculture, They were 
made by Mr. Vernon Bailey* 


Robert fcSM — S^und’l?. 


Plate 1 



The paumua* * Yucca raowsa os the Mesa near the Cma*s Mou*tajn5 f 
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Plate 4. 



A. Tornillg -ST«d«&qcA-i-A pue5£sc£n5 in the Bis Grande Valley hear El P*£yj p 

Texas, 



b, Fhuit of A Prickly Peaft Qpuntia oulcrs-. 
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Plate S 



Dulce de Vizhaqk Cactus Candy* Made fsoa# the Pulp of the Barrel Cactus 
■ECHI hDCACTUS WlSUZEHlL 
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Plate {?. 



A. Vf^WAQA OR B*Fm£L CACTUS ' £CHlHOC*C-TU5 WfSUZEMIL 



B Old Mescal pit i h the Guadalupe Mwj*rAi%s New Meaiaa 
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Plate 7, 



FLOWEFIIKHJ Ran*&i_£ OF THE RalmilL* YuCCA H *010*3a 1 
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Fating Plant of the Datil (Vucca oaccata' m Southern New Mexico. 
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PLATE 9. 



Beak-grass '.Hquha micaocaupa- at San Luts Pa&s^ New Me*iea. 
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PLATE 10. 



Me&Cai_ oft Cemturv Plant Agave: PAHRVi', near the Hatchet Mountain, 

NEW MeXKO, 
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Plate 11 l 



SO TOL DaStLIRIOH WMgELEN r 1 IN THE OrQA-H ftfQlPNrAll*^ NEW Mg*|CO. 
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Mesquite Bu&h (Prqsgpis glandulq&ai neai* Demi mo, Ne*v Mexico. 
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Plate 1 



Cfto^ of Tree Ferns Cyfthea pjsincep^-. 
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THE TREE FERNS OF NORTH AMERICA, 

[Wlib 15 p1ut4*r] 


By Wuxiajc TV Maiov, 


A]though tlio nivmn troo for n i& ocfsasipMlly givon to my large 
fern of tiwliko form, it has come by common uaago to have a definite 
application to tho members of a single family, the Cynlheaco®, and 
in so far as any ono descriptive term cun apply to a largo group of 
world-wide distribution, whoso distinctive technical characters aro 
minute and nut always very obvious, the expression is a singularly 
appropriate one. Tlio Cyathoacons are known as tree ferns because 
tho great majority of the species are essentially treelike in size anil 
proportion anil have strong woody trunks, often attaining a height 
of 40 foot or more. 

One mttv easily imagine the feeling of surprise with winch the 
early voyagers to the Now World, looking upon the wonderful pro¬ 
fusion and luxuriance of these enormous plants, contrasted thorn 
with the relatively small ferns of Euro|>o. Quo wonders also at the 
restraint and rather passive sclent bio attitude of Sloane, one of the 
earlier English writers upon the West Indian flora, who, having 
accompanied the Duke of Albemarle upon hk vuyago to Jamaica in 
16S9, thus quaintly describes a common species {AUopkUa a&pem), 
as bo observed it in that island: 

This has a tiunc twenty Foot high, os bi{r a? one* Lee, (after tho manner of Palm- 
irfi^i undivided, oral covered with, tho remaining ends of die i-Stulks, of dm 
Lav« fallen off, which arts dark litowu, as big m ones Finger, two or three ftu-hca 
lopjf, thick set wiih *hort awl sharp prickles. At the top of tin: UUno elaml round 
about live or pii Leaves, about sis Foot long, having a purple Foot-Stalk, very thick 
with Hhnrt, sharp pricktra un it* I ksido. At about a Foot dfaumn rr-iu the 
Tmtic, curb Leaf fa divided in hi ltrancH«<s wt apposite to w another, phv'cil near 
(he bet to in. at about sis Inchra distance frcun each other. 

Tlie ultimate Ji visions (segments) of the leaf ttro maetionrd ns 

about one third rf »n Inch loOfo and hall« b™aJ, blunt, easily indimted about the 
edge*, „E a dark grtcii colour above, pdc er.-i'U Inflow, very thm. and ■ V-u sot to 
<mr mother that there is no defect or empty space between them, 

4G3 
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Fmm this description, brief as it is, several of the most character- 
«tie features of the group as a whole may bo noted: The single and 
simple unbranebed trunk or stem, “after the manner of palm trees," 
llio spreading circular crown of ample fronds surmounting the stem, 
the lighter color of the under surface of the loaf, wliich may bn 
observed in nearly ill! Cyatlioarom, not a fow of the species being 
grayish or even whitish below, and above all tho “close-set" divisions, 
without “defect or empty space between them," a feature which in 
connection with the enormous sbso of tho fronds of many species 
lends to tmo ferns tlieir greatest charm, that of surpassing lealiritsvH 
and Tigor, 

For the benefit of the ignorant or of the superficially minded 
Slo&ne adds: 

From tW Tree* gnnrtn* on tlio SWntaiwi cl HLjpaniola tho Spaniard arpafd the 
fertility of that Soil, rnatia- FenaRtow loeucha vnuthipiert, which in Sanaa to re 
tt> incourtdeabie. col ronddurinR lliat iho Ferns in Europe anti here, tow <nji(o 
aHWrtot km da am burn the other, 

N'ot alone in dimensions, but also in technical characters nf struc¬ 
ture are the huge fonts of this alliance distinct from these of conti¬ 
nental Europe. Sloane coils them “trees," ami to this day the term 
"fern tree" is employed in Australia, as commonly as our more 
familiar '‘tree fern" for mernbom ef the Cyatheactm “Fern-tree 
giillioa '' is there a common expression, applied to deep shady ravines 
ef the initiator coaalul regions having a dense growth of Cyntbeaceaj. 

arborescent fiah it. 


A typical group uf tree ferns of different ages is shown in plate L, 
a scone in Guatemala. The aperies m Oyatkea priruxps (ofinn known 
as C. Bourptri, and describod mom recently as C, MuntAii), a rather 
uncommon plant wliich rang* from the mobtor parts ef Mexico to 
Alta Vertipaz, eastern Guatemala. Not all species of Cyathca have 
tlieir t rends SO rigidly ascending. Indeed, Ctfa&e* ariorea, which 
IS the commonest and perhaps the most graceful North American 
moinlicr of the genua, will be seen (pi. 2) to have them laxly arching 
or oven drooping. Tho direction of tho fronds, however,'in many 
species depends much upon the ago of tho plant. Thus, the smaller 
individual at the right in plato 1 owes tho upright position of its 
fronds in part to its quick, vigorous growth ami partly, m d 0 „b t , to 
tho need tho plant has of stretching its leaves up toward tho level 
of the rather dense sammnding undergrowth, where of course the 
sunlight is much stronger than below, 

Treo ferns may in fact ho regarded as “standing on tiptoe” in 
lh,ir effort te secure light and air. Tiny are commonest m tU (J3e 
moist, densely forested, tropical regions whore tlieir strugghj f or 
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very existence is sharpest, and where, except for the acquisition of 
this trait or of some other to give them special advantage, their life 
W ould indeed be short. To meet the same conditions ferns of other 
families and of many tribes and genera have shown wonderful adapt- 
ability of different sorts, both in structure and change of lift hi tat, 
two of the most common instances being the development of the 
climbing form and epiphytic habit of growth- In the intensely u T et 
and heavily forested mountain region of Guriqui, for example, prolw 
ably three-fourths of the ferns are epiphytic. To make best use of 
the arborescent habit, the growth of the tree-fern stem must be steady 
and of n permanent character; and we find that moist tropical con¬ 
ditions usually permit this, however slow may be tho rate of develop¬ 
ment from season to season. 

Before proceeding, however, to a discussion of the widely different 
forms assumed by the many species, or of the more minute technical 
characters which serve to distinguish tho genera and species, it may 
be well to note briefly the general factors wluch appear to control the 
distribution of tree ferns in North America, 

DISTTtl D LTION AND HABITAT* 

As already indicated, tree ferns are characteristically inhabitants of 
wet, forested, tropical and subtropical regions and reach their best 
development in mountainous districts which are not subject hi 
drought or pronounced seasonal change. In the Greater Antilles 
t,hev are found mainly upon the northern slopes and summits of tho 
higher mountains, as, for example! tho Sierra Luquillo of Porto Rico 
and the Blue Mountains of Jamaica, where tho cool, moisture-laden 
trade-winds from the northeast bring a constant and ample supply 
of moisture, Tho fern Vegetadon to the south of these mountains is 
more or less strongly xerephytic, both fekmUs mentioned even having 
a senuarid region of cactus and scrub growth. Similar conditions 
were noted in the Sierra Maestra of Cuba, Here on the compara¬ 
tively dry southern dopes of the peak Torquino at 3,500 feet I 
found plants of Cyathea arborea^ a species which in Jamaica and else¬ 
where in the West Indies randy ascends to more than 2,000 feet. 
Associated with it were several polypodiaceeus ferns which ordinarily 
are characteristic of tho lowland forests and whose occurrence here 
so for above their usual limit is in all probability directly correlated 
with moisture supply. The southern cooat in the lee of the Torquino 
is intensely hot and seraiarhh with a dense iJ ch&paraT' formation 
(including cacti), wholly unsuitable not only to tree ferns but to & 
majority of ferns of other families, as wdL 

Similar conditions upon a grander scale are observed upon the 
continent, the tree ferns being practically confined to the humid 
30734*—so mi—30 
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Atlantic slopes and to the high mountains. Thus, in the mountain¬ 
ous parts of eastern Guatemala {Alta Verapaz), where according to 
the native saying “it rains 13 months out of every 12/* tree ferns 
are exceedingly abundant, a few species occurring at and near sea 
level, hut the most of them at from 4,000 to 6,000 fret altitude. 
West of thisrcgion, in the dry interior basin* they are wanting; anil 
only two species, Wendlandi and ilmikliu c&alariMmt s 

are reported from the higher region near the Pacific, even thjs moist 
forest belts of the volcanoes Fui^o and Agua having none, so fnr as 
known. 

In Costa Rica a relatively small number of tree ferns are found in 
the moist Atlantic lowlands, but they ana elsewhere of very general 
occurrence, excepting only the half desert like slopes facing the Pacific 
an*l the dry and open portions of fho interior table land, which has 
a temperate and delightfully equable climate. The latter urea 
{meseta central) is relatively small, and one has only to go out a few 
tidies to the lower mountain slopes to find tree ferns in profusion. 
The greater part of Costa Rica* however, and by far the most inter¬ 
esting, as the exceedingly broken, mountainous region to the north- 
ward, from which rise the four great volcanic peaks Turn alba (11,128 
feet), Irazfi (11,312 feet), Barba (9,412 feet), and Pniyi (8,786 feet), 
from east to west* These intercept most of the moisture from the 
Gulf, and it b hem that the Cyatheaces? reach their highest develop¬ 
ment, both as to species and fiizo and number of individuals, in any 
part of North America* Christ, indeed, regards it as “therichest 
tree fern region of tWworld/' Certainly it is an endemic center of a 
I ugh order, and when, adequately explored is likely to yield many 
more than the. 50 sj>eeies it b now known to contain. It embraces 
altitudes above 5,000 feet; and although snows are wanting from nil 
Costa Rican volcanoes, heavy frusta occur more or less regularly from 
6,000 feet upward. The extremes of. temperature endured by the 
tree ferns id tliis region must be very great* 

Chiriquij the westernmost Province of Panama, apparently does 
not differ greatly from Costa Rica as a tree fern, region. Although 
there are a few coastal species, here also the great majority are found 
in, the high mountains, wluch form a definite cordillera paralleling 
the coast line, cast and west. Recent exploration has shown that 
they are mainly those known hitherto only from Costa Rica. The 
Coni ill era gradually decreases eastward, until in the Canid Zone only 
three or four lowland tree ferns are found. One of these, Bemiidia 
pdfcfc iia v first described from Pa nans a, as common in ravines and wet 
thfcfe&ta. 

In Mexico, abo, as might be expected, tree ferns are wanting from 
the interior, arid, lilgh plateau region, whose flora has been so thor¬ 
oughly investigated during the past 35 years. Upward of 20 specie^ 
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of Cyntht'aceije are known from Mexico, but almost the only recent 
material of those is that secured upon occasional excursions from the 
tabled ami into the moist lower regions bordering the titrra eal i m U t 
o f Vera Cruz. 

In the several regions mentioned a few tree ferns am found to he 
partial to the lowlands. Among tho West Indian species of thii class 
may be noted t yathra arbor ea wliich, however, os already explained, 
exceptionally occurs high up on tho southern slopes of tho Sierra 
MnesbUj finding them congenial surrounding* which are wanting at 
a lower altitude in this region. Upon tho continent Ahopbila mi*To- 
doTjfu is found near sea level from Mexico along the Atlantic to South 
America, Ahophila myoxuroidrs show* a similar preference for low 
altitudes p its known range extending on the mainland from Vera 
Crux to Honduras, and including aLso Cuba and the Islo of Pines, 
Another and wry remarkable ftpeedea of Akophilu (A. hhchnoidex, 
described hereafter) ranges along tho Atlantic coast from Goaiemal* 
to Trinidad . Tho occurrence of ITtmiitlix petidata in the moist Coftstnl 
woods and thickets of the Canal Zone has already been mentioned. 
Further examples might be cited. 

There are still other species which, though occurring commonly 
at a low elevation, yet show a considerable altitudinal range; for 
exam pie, Alnopftila Qgprm, which in Jamaica oxtemla from about 
1,000 tip 4 , 01 ) 1 } feet altitude. A better instance is that of HemdtUa 
muttijlom (IlfPiittlia mgncms) t wlikh exists mainly as a aea-lcvel 
species from Guatemala to Panama, along the Atlantic, but never- 
tholess ascends to nearly 4 S 000 feet in Costa Rica. There are, 
doubtless, many tree ferns which are more resistant than others 
to untoward conditions of environment, or less pari hud nr in their 
requirements of soil, shade, and moisture, which occupy similarly 
broad be-Us. In fact, local and Imrdly appreciable conditions of 
exposure and air drainage, as well as more obvious differences of 
humidity and topography, may be supposed to exercise great influ¬ 
ence in determining the distribution of tree ftrns as of other plants. 

Certain tree ferns occur typically as undergrowth in the dense 
shade of lefty forest trees; for example, CtjatbfH gracilis, a Jamaican 
species which grows usually in peaty soil In wet, sheltered depressions. 
The trunks of Hies, though commonly short, sometimes reach 8 to 
12 feet, whereupon, according to Jenmon, they “frequently fall and 
lie procumbent, though this dors not much affect the growth." In 
the mountain ravines of Java and Malaya there occurs also, accord¬ 
ing to Christ, a definite thicket formation of tree ferns, '“over which 
the crowns of tho forest treea form n second forest. 11 A s i mil ar 
‘ f undcr-forect" formation in wluch screw pines (Fandanua) are 
associated with tree ferns h mentioned from Celebes. These dwarf 
tree-fern associations at high altitudes are believed to fill the impor- 
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taut p6Ib of conserving moisture by preventing radiation and the 
consequent drying out of the forest floor. 

Perhaps a majority of tree ferns, however, occur as an integral 
part of the predominant forest growth, tlieir crow m often reselling 
nearly or quite to the level of the tree tops, or m not a few species 
even exceeding it; as, fur instance, Cyatlw*! pu&eacmff, one of the tulk^t 
♦lamnican species, which attains a height of 40 feet or more upon 
the heavily forested higher ridges of the Blue Mountains and easily 
thrusts its crown above the surrounding deciduous forest. There 
are also certain species, like Almphtia pan>uhi f Cyaihmfurf urocai, and 
C '. ismgni&t winch in Jamaica grow indifferently in open and shaded 
situations, though their occurrence in the open may have followed 
naturally from the partial and piecemeal clearing of the land, the 
smalt cleared patches remaining under cultivation only a year or 
two before rapidly growing up to bush. It is noticeable that those 
individuals growing in the open often acquire a condensed or stunted 
form* as described later. 

At least ono species, €yalhta arborea, flourishes in open situations, 
commonly in very large colonies. Jcnmaft has described it in 
Jamaica as fcf gregarious, often covering acres on fully exposed dopes, 
everywhere shunning shade/ 1 Perhaps on the latter account, and 
also because of its ubiquity, it is found more commonly than any 
other about dwellings and plantations* its huge, lacelike fronds 
lending an unusual decorative charm to scenes already novel and 
interesting to northern eyes. The formation of groves by tliis 
species in relatively dryish* open situations is almost unique for the 
family, alt hough a few (e, g., Ahophila nrnwU i) are more or less gre¬ 
garious in partial shade, and man}' others of our American species 
are found in colonics in the deep* wet forest. In New Zealand the 
social tendency has even resulted in the formation of large groves 
under intensely humid conditions* One of these, which Colen&o 
came upon in the forest called <f Seventy-milo Bush/ 1 in North 
Island, is described by him as follows: 

On a Sit in the heart of the forest* m a deep hallnw lying between flteep bilb% the 
botleni of which for want of drainage «w very wet nod uneven and cenfninod much 
vcpeUib!* mud and water even in the diytet *umtr.cr I found a !arp? and con- 

tinumu pove of thicket o! very fall tree ferew, chiefly jThrixcnui tqmrrcm and D. 
jtfmt* 1 , with a few d QptfAm dtalhnta mt^rmixctl, with but few fore-t trees and fthltiba 
grtswin^ scattered among them. 1 «uppwe they occupied about 3 roods of grnnnd, 
and I estimated their number to be SCO In l,00<h They were all lofty, from £5 to 3A 
feet high* and in many place* growing po close EegalW thel it wm impeseibk to force 
on* 1 # way through iMm. 

Concerning tree-fern formations of this sort in both New Zealand 
and Austral!a T Christ has pointed out that they rarely consist of a 
single species r hut ore as a rule mixed associations of two or more 
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species: for example, ffifttttfrftis Smith ii with Cyuthtti mtdtdlaris and 
O. dealhata. 

DIMENSIONS ANX» SITAFF. OF THtTN'K. 

The stem or trunk in the Cyatheaceio varies greatly in dimensions, 
shape, and direction, and in most characters of outward appearance 
and covering, though for a given species these features are, with a 
few exceptions, fairly constant, in mature individuals. The tallest 
tree fern known is Aho^hda f-icelsa, a nearly extinct species occurring 
upon Norfolk Island, to the east of Australia, whose trunk John 
Smith has stated to measure from 00 to SO feet in length. Scarcely 
inferior to this is A , AIasJrlhuri t found upon Lord Howe's Island, 
which, according to Maiden, attains a height of from 60 to 70 foot. 
Among American species the nearest approach to these dimensions of 
length is found, perhaps, in Ahophila armaia, which Jenman records 
ns sometimes reaching 50 feet in Jamaica, “the head gradually 
diminishing in size as the stem lengthens, 1 ’ 

The smallest member of the family in the world is AIsopMta I&tfam, 
recently described from the Cordillera of Colombia, in which the short 
rootstock is erect and the leaves (including the leaf stalks) but 8 
inches long, the blade less than 1\ inchis broad. The smallest of the 
North American species is the Jamaican Cyathea Nockii (pi. 8),looking 
most like some coarse bipinnato wood fern (Dryopleris or Poly- 
stichum), its relatively stoutish stem 4 to S inches long, prostrate 
upon the ground and rooting underneath, iU fronds l to 3$ feet long, 
borne in a crown. 

Certain species show, likewise, a slenderness of stem which is aston¬ 
ishing in relation to the enormous spread of crown, while others have 
remarkably thick trunks which are of very different internal struc¬ 
ture. The slenderest North American tree fern known to me is 
CyaQua minor erf eastern Cuba, Whose trunk measures only 1 to 14 
inches in diameter, though rising to a height of G to 12 feet. A 
Ceylon species, Cyalhea stTmate, with curious narrow, nearly entire 
n trap-shaped leaves, is even more slender, 

Exact data upon the thickness of tTCC fern trunks are not very 
abundant. Darwin, in the Voyage of the Beagle, mentions a trunk 
(the genus and species nest slated) in Van Diemen's Land which had 
a circumference of 6 feet, nearly 2 feet in diameter. Mr. IT, W. 
Henshaw, of the United States Department of Agriculture, measured 
trunks of C'ibotium (supposed to 1)0 C. j/cnrifiii) in the district of 
Ola a, Hawaii, many of which (including the dense covering of adven¬ 
titious roots) were 3 feet in diameter, and a single one 4 feet. These 
are said to have grown usually as undergrowth In the forest, but also 
in partial clearings, where they attain a height of 40 feet, largo 
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numbers being from 20 to 30 feel high; the usual shape of the trunk 
was cylindrical, although tunny showed a conical form at the enlarged 
base. Among North American species the largest known hi Cyutfxa 
Brunei, as it occurs on the lower slopes of the Volcano TumuJba in 
Costa. Hie a. The trunk of this is nearly cylindrical and very stout, 
12 to IS feet high. 12 to 20 inches in diameter, and clothed with the 
dead hanging fronds of previous seasons; the fronds measure 13 to la 
feet long and 5 to 0 feet broad—truly a giant among ferns. 

It h* interesting to note, however, that in addition to the two very 
miiall American speck's previously mentioned a fair number of Cya- 
Ihcaceaehavc foiled to develop a pronounced upright habit, and that 
several of these are among the 1 urgest-fronded species of the family; 
for instance, Ahophila quadripinnata (A. pnrinata) and several species 
of ricmiielin, section Cncmidariu. The former, which in one st ate or 
another ranges through the West Indies and from Mexico to Chile, 
has enormous fronds, 9 to IS feet long, homo in a spreading crown 
from a short erect stem which is rarely more than 3 feet high and 
Usually much less, averaging perhaps J foot high, with u diameter of 
3 to 5 inches. Jciiman has railed alien lion to tin* fact that the stem 
of this commonly ° buds and throws up from the hose a number of 
minor stems about half the size of the primary one," a condition 
which is comparable to the development of the fasciculate or mulli- 
cipilal crown in the male fern {Dryoptena jffix-mas) and ether common 
northern species, but which is not found in many Cyatheacee. Tho 
(’nc mid aria species mentioned show a wide amount of variation in 
length of trunk. One or two South American members of this small 
and exceedingly interesting section have tali slender trunks, but most 
of the North American representatives have the stern either short ft 
to 3 feet high), thick, and erect, as in UfinUelia (Cnemiduria) hnrridii 
fpl- 11), or a little longer, and weakly ascending, rarely attaining the 
digiiitj' of a trunk. , 

TYPES UK nrttlOHT TRUNKS, 

Two main types of upright trunks may bo distinguished readily 
among the American Cyatbc&cco: The first, in which the fronds, like 
those of Vyathea nrhorea, fall completely from the trunk in old age, 
leaving clean-cut scars; a second type, in wluch the fronds are imper¬ 
fectly jointed to the trunk and lima urn slowly deciduous, common!v 
hanging for several yeara after dying, and even when fallen leaving 
parts of their bases us u rough outer covering to the trunk. Mon* 
species hove trunks of thu first sort than of the second; but the latter 
condition is not at all uncommon, and is apparently the rule for species 
of Dicksoma. 11 is common also to many species of Cyaihoa, among 
which may 1* mentioned C. nyman* in Jamaica and (\ amneom Ln 
Cuba. Some species are intermediate in this respec t; otid many (e g., 
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the West Indian Cyatheu ekffan# and AU&phila tujuUina and the- Costa 
Rican. J,. c™/e&) t which exhibit thia character to a marbd degree 
in their youilg state* in age develop clean trunks, with definite oven¬ 
surfaced scars. 1 The appearance of a trunk sheathed with broken or 
hanging fronds is much less attractive than that of stems from which 
the leaves am freely deciduous; yet a few, like Cy&thta Brunei, more 
than maka up in shear massiveness whatever they may lack in ele¬ 
gance and graceful proportion. 

The arrangement of the leaves upon the stem may be observed 
best in species which have smoot Irish trunks* us in the common 
form of Cyathea arharm * shown in plate 3* figure A. In these the 
leaf scais may he either widely spaced or rather compactly set 
together* forming a rough but regular mosaic pattern; if the latter* 
the trunk is said to be tesselate* In most there may be noted a 
definite spiral arrangement, which difim according to the species 
and* except ton ally* among individuals of the species. In Cmihta 
Qurt<miiat$, however* and probably in others, the scars are nnt 
spirally arranged nor closely set* but uniformly appear in distinct 
horizontal zones* the six to eight leaf scam of each forming a separate 
distinct girdle about toe trunk, S to 12 indies from the one above or 
below. 

BESTING f'EUlOm. 

Oyalhm aur&mUtm has abo another unusual feature* that of 
shedding all its fronds, after maturity, at one time, seasonally* 
a trait which it shares with several other species of the same genus, 
Ctjaihea concinna and C. Tussacii of Jamaica and C\ inxigni# of 
Jamaica and Cuba, Concerning the first of these Jenman remarks 
that ^liko £?. Tusmcii, in the resting season h in late spring or toward 
midsummer, it drop$ all ita fronds, the large stout trunk* a uniform 
din i ne ter from top to bottom* standing, post like, till growth begm* 
again.” With respect to C + Tusmdi he writes, £b In some instances, 
late in the resting season, about May or June* the fronds oil drop 
aw T ay* leaving the bare trunk. When vegetation begins again a 
whorl is thrown up together” Oyathca inrignis, also, ; liko the 
two preceding, makes its growth periodically* throwing out a tier of 
fronds at once and then renting for an interval” In Cynihm 
mireomtefiA* m I have observed it in western Pana m a and Costa 
Rica, not only the large tripinnalifid fronds themselves but also 
their component leafy parts, tho pin nee and pinnules* are sometimes 
freely deciduous; the latter were even observed to fall first* leaving 
the leaf stalks and nearly hare midribs of tho huge leaves standing 
out temporarily like stout wHft stalks before they also should falL 
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Other species show this trait to a lesser extent; and while a few 
eeem to maintain always their full complement of leaves, it is doubt¬ 
less tme that moat tree ferns bear their greatest number of leaves 
during the moistef, vegetative season, and a smaller number while 
resting between active growing periods. An accentuation of this 
tendency might easily lead, and doubtless has led, to the complete 
seasonal shedding of fronds in the several species mentioned. This 
conclusion is strengthened by our knowledge of the development 
of die habit by different species upon widely separated areas, and is 
not invalidated by the fact that Lhese are associated with other 
aperies, apparently under identical conditions of environment, in 
which this trait is not in evidence. 

VARIABILITY IN' HATE OF GROWTH—ACHE. 

Of the species w r hieh under humid forest conditions ordinarily 
produce lofty trunks, certain individuals growing in more open 
situations will often be found much reduced in stature. One of 
the best illustrations of this to come under my observation is that of 
Cmthta furfural t a species which is very common in the forests of 
the Blue Mountains of Jamaica, occupying a broad belt between 
4,000 and G h 000 feet* and occasionally attaining a height of 40 feet or 
more. Dwarfed specimens upon partially cleared slopes, although 
of ten only 3 or4 feet high, still retain their erect arborescent character, 
however slow* the development of the trunk may be, and differ from 
Urn more luxuriant individuals growing in moist shade mainly in 
their smaller fronds and more closely set leaf scars, the last a definite 
mark of the plants of slow growth. The same species as I met 
with it upon the shrubby open slopes of the Gran Picdra in eastern 
Cubs, st 4,000 feet elevation, is even more reduced, its trunk measur¬ 
ing from 1 to 2 inches in tlrickness, ita fronds one-tliird to one-half 
their usual gU& Tins phenomenon of reduction in size as a result of 
excessive insolation, and consequent drying out of the substratum, 
is commonly observed in most groups of ferns whenever plan is 
normally shade inhabiting arc thrust into the open. Johow has 
staled that the great tree ferns of Juan Fernandez develop as well in 
the sun us in shade; but such a condition, we must believe, is excep¬ 
tional 

Another excellent example of Lhe variability in rate of growth is 
found in Ctjathea arbor ea t as evidenced by two trunks, both of tins 
species {shown at one-half natural size in pL 3), which 3 collected 
upon tho southern slop© of the Sierra Maeatra of eastern Cuba in 
March, 1907* The plants of whirh M figure A represents a typical 
trunk section were about 35 feet high and slender, with a compact 
crown of medium-ah&ed leaves spreading widely from the trunk. 
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Lheir attachment being nparly ut right angles. The plants of which 
figure B represents a trunk section were rather shorter and more 
robust, with an immense crown of larger fronds rising from the 
trunk like a huge funnel, their leaf stalks being suberect and in 
attachment extending from the apex a distance of several inches 
down the trunk. At the time these plant* were collected they wore 
believed to represent two very different species. Nevertheless, 
upon careful study subsequently it was found that they possessed uo 
technical differences whatever by which they might be recognized 
as distinct, aside from the difference in shape and size of leaf scars, 
even the soaks of the trunk and leaf bases being exactly alike except 
as to size - and the conclusion was forced that these were forms assumed 
by a single species, the differences noted in the trunks being dependent 
upon the age and vegetative vigor of the plants. This conclusion was 
substantiated later by an examination of several living West Indian 
plants of this species in the conservatories of the New York Botanical 
Garden, in which both kinds of scars were found to occur upon the 
same individual, each in a separata zone. In one cultivated plant in 
particular it was clear that a period of rapid vigorous growth^ as 
indicated by a sequence of long-clliptical distant scars r had been 
fallowed by a period of diminished growth, during which the elonga¬ 
tion of the^stem had proceeded but slowly. The record of the latter 
period was plainly written in ihe mm of closely set, rounded to 
aubhexagonal scars, the shape and position of the*e obviously having 
resulted from the crowding of the leaves at the apex of the very 
slow I y lengthening stem. I have noticed a simitar variation in the 
rate of grownh in other arborescent species of Cyatheaccfie, but none so 
pronounced as Lu Oyaifua arborta. 

The age of the larger tree ferns is difficult to determine, and I am 
not aware that any authentic data are available. Certain specimens 
in Jamaica have been reckoned 200 yearn old, which probably is 
too high an estimate, although many individuals doubtless attain 
an age of at least 100 years, if wo may judge from the apparent rate 
of elongation of the upper stem. Growth, however, is more or less 
periodic at some stage in the life history of most large tree ferns, 
depending upon favorable or unfavorable seasons and upon various 
factors of environment; and the only reliable means of arriving at 
the probable age of such individuals is from an extended eerie* of 
observations, over a long period, of plants growing in their native 
environment. 

BRANCHING OK TRUNKS — AUVLLNTITIOnS GROWTH* 

The upright stems of tree ferns are usually simple, hut there have 
been put on record several Instances of occasional forking of the 
trunk, and in a few species the tendency is rather pronounced. 
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Jen man cites ALutph tla anmlUt anti Ch/atJifa furfurocra in ■Inniuiru «s 
occasional]}' branched and having two or more crowns, and Ahophifo 
osptm as having produced in ona instance several stems from a 
single base. The jwctilbu 1 Dicksonia Btrtrroana of Juan Fernandez 
in said to divide at the base, having branches up to IS feet long and 
‘‘thick ns one’s leg,” A notable instance also is ihat of a Xcw 
Zealand species, lit tint*lm Suntfiii, as described and figured by 
Buchanon, Li which a specimen If* feet high bad no less than Hi 
branches. In AUopMla quadripinmto, previously mentioned, the 
branching is at or near the ground, ns in OickftonUi Urrttroanp, 

Christ has also mentioned on Werekle’s authority it remarkable 
example of adventitious growth in a Costa Rican tree fern (Cyathca 
sp.) which is worthy of further investigation. In this plant buds are 
said to have been borne in all the axils of the leaves, their position 
therefore being at the upper side of the leaf scar after the fronds were 
fallen from the trunk. Although a comparatively small number of 
these developed, yet the stem was several times branched at a height 
of 5 feet, and the larger of the branches formed a beautiful crown of 
more than 25 branches. 

Tn a large number of Cyutheaceie having treelike stems one of the 
most conspicuous features is the development of adventitious roots, 
which encircle the older portions of the trunk in a hard, wiry, closely 
inter wo veil mass, very much like hark. These roots are commonly 
produced in great abundance, often wholly obscuring the original 
proportions of the stem, which limy, indeed, appear in cross section 
merely us a core, measuring but on e-fourth to one-half the total 
diameter. Toward the bottom of the trunk they are especially 
abundant, as might be expected, and frequently occur in such quan¬ 
tity as to form a massive conical base, which undoubtedly serves to 
give stability to the lofty stem, us in CytUhea »uprxtMriyo6a (£7, coo- 
spictut), a species inhabiting the upper slopes of several Costa Rican 
volcanoes, whose huge base is said to measure a full 5 feet in diame- 
There can ho little doubt also that tho formation of the dense 
indurated coveting of the lower and middle portions of the trunk 
proper gives great strength and rigidity to tho otherwise slender 
stem, whirli better enable it to support the weight of the upper 
part, including tho great spreading crown of succulent leaves. The 
production of these aerial roots is apparently continuous, the diame¬ 
ter of tho complete "trunk” (stem and aerial roots combined) thus 
roughly keeping pace with the elongation of the' trunk. 

Tree fern trunks of this sort are the favorite home of many filmy 
ferns (HymenophyUacWB), a few of which, like Tnthomanis cavil 
iaccuin {T, trichoidcum), are not often found in other places The 
sight of a huge fern trunk, its rough surface clothed on all sid^ in a 
lacelike mantle of this most delicate of all ferns, each of their hair- 
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like divisions with its tiny drop of moisture sparkling in the soft 
half light «f tho cool forint* and Ike unbroken silence of the forest 
itself create an impression not readily to be forgotten. 

In Hawaii and elsewhere aerial root masses are cut from the stem 
and fashioned into hanging baskets for the cultivation of ferns, 
orchids, and various epiphytes. They are admirably suited to thh 
purpose, the interstices among the doaely interwoven routs affording 
a ready outlet for excess water. 

THEE FEKK TOUNK& AJs TlMHEK. 

The illustration shown in plate 4 is of tt building at Scpucuitfi, 
Alta Verapuz, Guatemala p whose outer upright timbers are mostly 
tree fern trunks, roughly squared and set on end close together. 
The cou n try 1 mined lately surrounding Sepacuitd k for the most 
part heavily forested, except in the areas cleared for coffee planting, 
and since many species of tree ferns still abound, the use of their 
trunks in building is not remarkable. lam informed, however a by 
Mr. O. F. Cook, of the United States Department of Agriculture, who 
has traveled extensively in this region, that elsewhere, even under 
conditions of considerable difficulty r a similar use of these timbers is 
rnadop indicating the high value placed upon them. Mr. Conk 
writes u follows: 

Though Guatemala U itaUimlly & emmtiy of heavy £urate, wnod fur building pur- 
penes, or even for fuel, is a scarce and expensive article iu luo-i ol (ho luqrcr towns, 
all of tho neighboring forests- having- been cut long ainco and bumod to make room 
fur cum fields. Everything In ilio way of wood has to bo brought duwn £n>m Lhe 
mountains an tho backs of men. 

During a vmt to Cobauu tho capital ol the Bepaitment of Alta Vcanjxu, In 1HM, 
many Indiana worn aeon carrying troo fern trunk* through the street^ On Inquiry 
ll woa [oiinu-U that tho fern Lipi coiiitEuind n. higher price than any other kind of wood, 
and m? looked upon aa tho best of building material The special value of Um fens 
wood Hea in the fact that it withstands the attacks of tho term!toe and dooa not decay. 
Tlie termites, of sn-callod white ams, are wood-baling insect# that, sue my destruc¬ 
tive to building? In tropkwl countries* * 

The fern trunks hive a diameter of fi or 7 inches, They ait? usually flattened on 
two sides or roughly equaled and aro rot upright to support the homework of tho 
native houses, Tho wa.Ua arc ailiid with day or loose rubble of clay and. stones. 
TIm? Furfacu receives a coating of plaster in tho interest of appearances and as a pro¬ 
tection against the weather. 

Tho lorn timbers arc* entirely black in color, like wood charred iu (ire. TJie tex¬ 
ture appears lather loose and open, (he outer layer being mainly a compact mass of 
stma!! twits; but tho Elements have a gl&sy hardness that mokes it easy to midouftaiid 
their TMtnMeiJ to all forms of decay or insect injury. Whim houses become dilapi¬ 
dated with ago die fern trunks aro taken out and urod isvcr again and are corundered 
quite iiaptui-imble. 

Jen mu ii mentions ii somewhat similar use of the trunks of Oyatkea 
arborea by the blacks in certain parts of Jamaica as posts for thetr 
housue, stating that no other spedes Is there applied to this purpose. 
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According to Christ Ah&pltila dongaiu k thus utilized in Colombia, 
and the trunks of ZKdfemria Stllmpinna in Brazil by planters in 
making iadosures for their farms. In Colombia Mr. Frank E 
Chapman has oltearrad the ooeaskmal use of tree fern trunks £l pos¬ 
sibly H feel in height above the surface of the ground tT as telegraph 
poles, although ns a rule bamboos are ordinarily there used for this 
purpose. 

Still another use is made in Hawaii of Cibotium trunks, which, as 
mentioned above, there grow to such enormous proportions. Hr. 
Hemlmw states that it is a common practice to make trails, 1 to fi 
miles long, hading through the woods to the coffee plantations in 
the mountains, entirely out of Cibotium trunks, either whole OF 
split in halves. He adds that the coarse thick covering of adven¬ 
titious roots provides a springy, well-drained surface for wiJking and 
that trails thus constructed, by the convenient use of these trunks 
ns a rough and nearly indestructible plunking, afford ready access 
to plantations through wet forests which otherwise would prove 
almost impassable. 

THE LEAVES. 

Considerable attention has been devoted thus far to a consideration 
of the rhizome, which lias 1>een found to assume different forms of 
growth and to vary greatly in nearly all respects, A similar diversity 
is exhibited also by the leaves or, as they are commonly called, the 
fronds. Of the two tribes between which the North American species 
ore divided, the Cya these anti Dirks ontese, the former presents not 
only a fur greater variety in vegetative form, but also n much higher 
differentiation of special structures. It will, therefore, bo desirable 
to consider the two tribes separately, though it is impossible in the 
present paper to do mure than indicate briefly some of the more typical 
structural and vegetative features of each. 

• LtAVF.fi or THX L’YATHC.K, 

The leaves of tho Cytil here vary in length from i foot to 15 feet, the 
two example* previously cited being AlmphUa Kuhnii and Cyalhta. 
Brunt t, respectively. In position they have been mentioned as inch¬ 
ing in a semiercct crown, spreading, or even drooping, their attach¬ 
ment (in arborescent species) varying from nearly vortical to bore 
sontul. and thus determining, in connection w ith the rato of growth, 
Hie shape, size, and relative position cf tho leaf scars. In addition 
to the general shape and cutting of the leaf blades there remain nuw 
to be noticed especially the thorn tike armature of the stipes (jfegf 
stalks) and redds® (primary and secondary midribs of the blades) 
the covering of the growing crown, and the production of minute seal® 
and hairs of many different kinds not only upon the vascular parts t) f 
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the blades, but also upon Liu? leaf tissue. In Libido characters the 
members of the tribe Cyatheie show almost infinite diversity. 

In many species of Cyathea and AkopMa, and leas commonly of 
Hemitelia, Lite trunks are more or leas completely covered with 
spines, a fact which no one who has reached out hastily and grasped 
one in a futile effort to stay his rapid descent down some steep, 
slippery, fores tr-clad slope, is likely to deny. As a rule, however, the 
trunks are spiny simply from the partial persistence of the broken 
stipe bases, which indisputably are spiny. Two stipe bases thus 
armed aft- shown in plate 5; of these figure B represents Gmthr.a 
Giiuxiti) and figure C p G. aumniUm f both species of Costa Rica and 
western Panama, The last mentioned is one of those which really 
produce spines upon the trunk also, and these, like those of the stipe, 
of nmUelikc sharpness. In certain species the spines are long, 
straight, columnar, and blunt; in others low ami broadly conical, with 
n hooked point; in still others slender and sharp, but very short and 
closely set, The corneal, more or less curved form is the commonest 
one among North American species* In Oytilhea arborea (pi, 5, fig. A) 
they are eviolent only as low tubercles, and in not a few othere they 
are tdtogether Jacking. They are usually produced only upon the un¬ 
derside of the stipe, in some species extending in lessened size and 
number along the rachis well toward the apex of the blade, as may be 
seen in Ate&phila axpem (pL 7)* In color spines range from yellow 
to brown, purple and black, usually taking the color of the stipe or 
presenting a darker and higlily polished surface* They have been 
said to be poisonous, though the truth of this is certainly open to doubt * 
The stipe is otherwise fitmkhed with large protective scales which, 
however varied in character, are as distinctive for each species as are 
the spines of each. These scales closely invest the apex of the crown 
in a thick, upright, bru.ihlibe mass. The young fronds, like those of 
all ferns, as they unroll from the bud carry with them their scaly 
covering. (Plato 6 represents at natural size a young expanding 
frond ol Gyathca arkirta.) The great majority of the largo scales 
which develop upon the frond as it increases in sbe are* however, 
readily deciduous; and as a rule only those of the lower a tape p and more 
especially those which are seated in the deep axils of the stipe bases, 
persist until the frond attains maturity. The latter are precisely 
like those of the crown, of which, in fact, they are really an integral 
part. Thus constituted, the cap or head of tho crown consists ordi¬ 
narily of scales so closely packed together that they serve as a very 
effective, impervious, protective covering, not only against excessive 
moisture and consequent infection from without, but also as a safe¬ 
guard, enabling the plant to maintain without interruption its vital 
activities at ihe one essential point, tho apex, despite unusual ex- 
tremes of dryness, beat, and cold- The utility of the chaffy cap is 
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thus obvious; {or it is inconceivable that wit hunt tlik or some niniilar 
protective feature individuals of such slow* continuous growth could 
attain their great hum and age, Treo ferns with trunks 20 to «) foot 
high do not grow in a day. 

As offering diagnostic marks to assist in the recognition of the spe¬ 
cies also the scales arc of the greatest interest, since however various 
their form, color, and alrticlure these features are usually constant and 
distinctive for each species. The largest scales I have seen are those 
which densely clothe tho 2-inch thick stipes of C'yathca Brunei. In 
this species the large outer scales am of a silky texture, yellowish- 
brown, up to 24 inches long, in shape very narrowly lanceolate and 
long pointed, borne in great profusion and widely spreading, and 
underlaid by successively smaller scales, the innermost of which are 
comparatively minute, slender, stiff, dark brown, and have minutely 
spiny margins. Very few species show so great variation in this par¬ 
ticular. The prevailing color of the scales is some shade of brown, 
ranging in different species from yellowish or reddish-brown to chest- 
nut-colored, or purplish-brown; a few are white, others almost coal 
black; and in certain species two colors are strikingly combined. 
In shape there Is nearly every variation between the rounded-ovate 
and slender id must needle like form, arid in texture from delicately 
membranous to very thick, M a rule, the thickest ecalea are the 
most highly colored, as in most other ferns. The margins of the scales 
may 1m entire or irregularly lacerate, minutely saw toothed, or, as 
already noted, even twset with stiff, bristlelike teeth. 

Of the North American members of the tribe Cyathea a few are 
biphinatihd, though most are either very deeply tripinnatifid or 
tripmnate, and a very few quadripinnatc or nearly so; none are 
simple. In outline their blades range from lanceolate to broadly 
ovate. An example of the tripinnatifid type is shown in plate 7, 
representing pinna' of A&epAtfa a&pera, the plant mentioned by 
Sloane. A peculiar, low-growing, bipinnatifid spedes, Ot/athea Nuclei I, 
<d Jamaica, is figured at about two-fifths natural size in pinto 8. 
Upon the redraw and mid veins of most species, and also upon the 
ultimate vcinlnts and upon the leaf tissue of many of these, occur 
various small, even minute, scales of varied form and color. They 
may be flatfish or convex, thick or exceedingly thin and delicate, 
roundish, linear, deeply deft, fringed, or either reduced to the form 
of minute stellate bristles; but whatever their character and position 
upon the several ports of the blade they will bo found, within certain 
limits, to ho very constant and, like the spines and scales of the stipe 
to serve as definite recognition marks for the species. Haim, some 
composed of several cells, others unicellular and glandlike, aro also 
borne similarly. Like the scales, they alsoin their structure and dispo- 


TREfl FEANS OF NORTH AMERICA—MASON- 479 

ait-ima contribute excellent diagnostic characters by which the specie* 
m&j be distinguished* 

LEAVES or THE PtOtBQ?™.E. 

Of the three genera which comp rise the tribe Dicksonica*, two 
(Dieksonia and Cibotium) are usually arborescent m\d have numerous 
large leaves borne in erect-arching crowns, as m most species of the 
CJyatheie, while the thin! (Cukitn) is very much sin tiller, never develops 
an upright trunk, and might readily be taken for a member of the 
family Foljpodi&ccffi. There is evident among them not only a 
pronounced difference in size, but also in shape and cutting of the 
blades, as mentioned hereafter. They have, however, one very dis¬ 
tinct feature in common, namely, the development of great masses 
of delicate, limp, threadlike scales, of a type not found in many 
species of the tribe Cyathe®. These are produced hi great abun¬ 
dance upon the growing crown of the plant and extend freely along 
the stipes and rachises, from which, however, they are readily 
deciduous* They are usually yellowish or yelkrwish-brown and 
glistening, either straight or matted together, fragile, each com¬ 
posed of a single series of thin, elongate, Ihttish cells set on end. 
Apparently scales of no other types are produced in this tribe. The 
collection of this soft woollike substance from the crowns of several 
species of Cibotium occurring in ihe Hawaiian Islands was long a 
commercial industry, ihe material (there called “puhi rr } being used 
mainly m a stuffing for small pillows. The wool of the Asiatic 
Cibotium Barontlz, the fabled "Scythian lmmh, M and of a species of 
Culeita has been similarity used, and in a limited way also for stopping 
bleeding of wounds in surgerr. 

O-AS-SIFl CATION, 

The recognition of I ho Cyatheacece as a distinct family of fems is 
based for the most part upon minute microscopical characters of the 
sporangia* the " spore-eases/ r which form the son or “fruit dots.” 
The division of the family into tribes rests in part upon similar 
characters, but also very largely upon more apparent differences in 
the form of the indusia, special outer structures which more or less 
completely inclose and protect the sporangia during their period of 
development, -is already stated the North American species are 
associated in two tribes, the Cyathere and the Dickson hmb, whose 
main diagnostic characters may be readily recognized, 

The tribe Cyathe® is distinguished by having the $ori home 
directly upon the ultimate veins of the segment and never at the ends 
of the veins, which extend nearly to the margin. The soras may in 
different genera be either naked (without a special protective outer 
structure) or either partially or wholly surrounded by auch an organ, 
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the indusitinv If mi indusium of arwsorl be present, it is never formed 
of any portion of the leaf margin, hut is developed separately, being 
attached at the base of the receptacle—the raised conic id, globose, or 
club-shaped structure upon which the sporangia are borne. 

The tribe Dicksonicse, on the other hand, has all the nori produced 
upon the ends of the veins; that is. they are truly terminat and 
marginal. In lids tribe the sorus is invariably provided with a 
bilobed or bivalvste irdusium of a wholly different character from 
that of the Oyathese, since it Ls formed in part by the more or less 
modified and concave margin of small lobes of the leaf segment, 
these facing inward, A similarly fashioned concave inner lip, facing 
outward, arises from (he base of the receptacle. Thus the two lips 
together constitute the "double” (i, e,, hilohrd nr bivaivato) indusium 
mentioned above, within which the sporangia arc contained. At 
maturity the lips are thrust widely opart by the expanding sporangia. 

These are the more obvious technical characters by which the two 
tribes may he distinguished. Without entering very far into the 
subject it may be well to indicate briefly the grounds for recognising 
the several genera constituting Ihese, Eecourse will be had to 
illustrations showing the parts upon a greatly enlarged scale, which 
will serve far better than description alone to indicate the position 
of the son find, to emphasize distinctions in form and si met u re of 
the mduak. 

THE TRIBE i;YATH£^. 

■ 

The tribe Cyatheje was divided long ago into three genera, Cyathea, 
Alsophik, and Hemjtelia t mainly upon characters of the indusium; 
and this conception has prevailed generally down to the present time. 
It happens, however, that within the limits of this tribe there is-found 
nearly every intermediate stage between a complete hollow sphere 
wholly mdoring the sporangia and the alienee of any induduin 
whatever. 'Because of this, the justification for laying great weight, 
as a basis of generic classificatidn, upon structures of such an ephem¬ 
eral and variable nature has been seriously challenged by nearly 
every twent writer upon ferns; and also because in many other 
groups of ferns the indusia are now looked upon as really of such 
secondary importance as often to preclude their use for more than 
minor taxonomic distinctions, though they may be very serviceable 
in distinguishing species or for associating them in minor groups 
below the rank of a genus. The proposition again put forward, of late, 
to merge Cyathea, Alsophila, and HemiteUa under a single generic 
name (Cyathea) h thus not without merit Yet, considering our 
present incomplete knowledge and the extent of data still to be 
derived from a thorough study of the group as a wholo ? it seems 
derivable to hold to the established classification until a better one 
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can be devised, and to frankly recognize it as one merely of eun- 
wnience. To tbo objection that the recognition only of the three 
genera above mentioned is scarcely logic id, since each of these is 
susceptible of division into two or more fairly distinct groups, it may 
bo answered that at leas! the treatment here fuljpwod has the sanction 
of long usage and on this account will incur neither confusion of old 
names nor the substitution of new ones. The species constituting the 
tribo Cy a there may be grouped, then, under the three genera Cyathe®, 
AbophDa, and Remit eliu. 


THE flENUS CtATBEA. 

The North American represent a (ives of the genus < yathea full 
readily into two sections, based characters of the tndusitiuij in 
[lie lirst of these the indusiutn is cup-shaped or saucerlike; in the 
second it is like a complete hollow sphere. Of the 50spocies occurring 
in North America about 3(1 fall under the latter section. 

An excellent example of the cup-shaped or hemispherical type of 
indusHim is seen in Citathta rtcgtms, of Jamaica, a species with largo 
tripinnatifid fronds. Plate 0, figure A represents the young m>ri of 
this species at a si ago when the sporangia are just reaching maturity 
and vo beginning to crowd upward and outward, thus widening into 
a broad mouth the opening above them which is first evident merely os 
an apical pore. In plate 9, figure B is shown a later condition, in 
which the sporangia have reached maturity and have mostly dis¬ 
appeared, Another example of similar but loss pronounced form Is 
shown in plate 10, figure A, representing the sori of Cyvihta arborm. 
In this the indmrium is saucer shaped, and the sporangia are seen to 
have been heaped high above its low even margins. In nil species of 
the section of winch these two species are illustrative, the indusia are 
firm, have perfectly entire margins, and almost invariably are per¬ 
sistent long after the spores have been shed and the sporangia drop¬ 
ped. The central position of the elevated receptacles may also be 
noted in the figures cited, as well as details of venation and pubescence. 
The son are seen to be borne near the midrib (costule) of the segment 
being seated at or just below the forking of the slender lateral veins! 
Tins section of the genus is known ns Eucyalhea or true Cvnthea, 
tiince it contains those species which in general form and structure of 
the mdimum agree with C. arborea, the type specks of the genus. 
Of the 20 North American species all are confined to the West Indies, 
excepting only (. drbpna t which occurs sparingly also on the continent 
from Mexico southward. 

A vijiy different type of indudum characterizes the secoud section 
of C yulhcflp which having emee been regarded as genericaJJv distinct 
38734°—flit 1 Dll ——31 
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from Euvyathea was given the name Eatnrut«ptern, in honor nf the 
late Prof, Daniel Cady Eaton, of Yale University. The numerous 
species of this group are distinguished by having the mdusium 
globose ami wholly ineWmg the sporangia, until at maturity these 
distend the indusimn beyond the bursting point; whereupon K having 
no sutures or definite lines of cleavage, ii raptures irregularly, its 
ragged divisions being thrust outward, A species having this typa 
of indusinm (C\jathifj Brunei, nf Costa Rien and Panama) is illus¬ 
trated in plate 9 P figures C and D, The first of these shows the firm, 
white* unbroke n Indusiam a condition approaching maturity, and the 
midribs of the segments still clothed with dark slender scales. In 
figure I) is shown an older state of the same specie?, in which it will 
hi 1 noticed that the snri have burs! and appear more >>r less confluent,, 
and that the hnlusi a .though irregularly broken, have partially resumed 
their original petition. In this and several other species having thick 
or firm indurin it will be found that the divisions commonly persist or f 
at least, tend to disappear only with age, sometimes spreading apart 
hardly more than enough to allow the spores to escape freely, then 
drawing in nearly to their original form and appearing vals'elike. But 
in many other species the indusia are thin or even of such extreme 
delicacy that they appear merely as a slight, translucent membranous 
film. In these the mdusium is too delicate to withstand the explo¬ 
sive hygroscopic action of the sporangia, so that after the spores have 
been shed there will bo found only traces of the broken induslum, a 
few half-detached fragments appearing among the mass of confluent 
sporangia, pr sometimes only a small basal pcsrlioii persisting in the 
form of a thin flattish scale, which may be wholly concealed by the 
sporangia* at the base of the receptacle. Ihiring the process of spore 
shedding, or it may be merely with age, the scaly covering of the mid¬ 
ribs of the underside of the segments often will either have disap¬ 
peared or have become so mixed with broken sporangia, spores, and 
fragments of the indima as to be almost indistinguishable. On this 
account it Is essential in collecting material to secure, in addition to 
fully mature pinnae, pimue from other fronds in which the son are so 
young that they will not burst in drying but will retain their original 
form. The very general failure of collectors to observe this precau¬ 
tion h responsible for much of the confusion which will always result 
from the study of carelessly selected and imperfectly prepared her¬ 
barium material in so critical a group. 

Gf the section Eucyathea t some of the more interesting species are; 
CHfoihea NocHi t already briefly described {pi. S); Cl Bmok&ii , a Cuban 
species with a short, horizontal mostly subterranean rhizemo and 
several long^tnJkod bipiimate fronds about 4 feet high; C + minm 
and C. }mb€*ecns t the former with a very slender, clean trunk, the 
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latter with a hug« thick trunk that iii utterly disproportionate to tho 
crown of narrow, lanceolate, bi pinnate fronit; C. arborea, previously 
meniumed and figured (pla. 2 and 3; pi. U), fig. A); C. elegans {pi 0, 
tigs. A and R); C. Twtsacti, n Jamaican species with coarse, tripin- 
natojfrondB, everywhere shaggy with slender tawny or grayish scales; 
C. nigrescent and V. aranto^a, very much alike in their harsh, exceed¬ 
ingly coriaceous, tripimmte blades and densely spiny trunks and 
atipcs; and C. portodeenth, n species with dark, lustrous, purplish- 
brown vascular parts and large, nearly trip innate blades. Tho last 
species is apparently unique m having the outer surface of tho 
doopty cup shaped indusia rather densely clothed with simple jel- 
Jewish linirs. 

Only a few species of tho section Entonioptem may bo mentioned* 
Perhaps the most interesting are C. Ilrtmd and C. atirconitem a, 
already referred to in the preceding pages. The Costa Rican forms, 
f , lFerWifiM, ( . hfmi&tix and C- h^ishdata^ constitute* ft nnturfil group 
in having the ultimate segments of tho tripinnute fronds constricted 
at tho base, or even sessile. Three other species, C, TuercJchdmii, 
C. gremlin, and <?. divergent are unusual in having tho larger pinnules 
{divisions of tho primary pinnse) mostly long-talked. Ctjathta 
inmgmx and C, princeps have the primary and secondary rachises 
unarmed as to spines, but yet conspicuously rough from the presence 
of the broken-off bases of the slender spiny-margined scales which 
a t J nsi thickly invost them. At least one species, C. patcUaris, has both 
veins and leaf tissue glabrous, while its nearest allv, C. tnexicanei 
has tho similar parts very minutely but distinctly gland uhir-sotuW, 
and in addition many of tho veins simple, an unusual feature in this 
genus. 

As to tho characters which distinguish tho species, it may again 
be mentioned that although minute they are usually constant, if due 
allowance bo made always for minor variat ions which may bo corre¬ 
lated mostly with known differences of habitat, altitude, and geo¬ 
s’’* 1 ^ 0 position; and that if a sufficient amount of well-prepared 
material be brought together the recognition of the species will not 
prove especially difficult. Indeed, tho most surprising feature of all 
“ ™ B P“‘« 80 fiimilar i« details of leaf form have been able to 
develop such marked diversity in tho general form, structure, and 
disposition of minute scales and haira and that these differences are 
so nearly constant. An attempt has recently been made to give to 
these structures some part of the weight in classification to which 
they appear to bo entitled. To this t reatment ’ the reader is referred 
for full descriptions of the North American species of this interesting 
genua. 6 
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TIFK fJESUh llEHtTfeLIA. 

In the section Eucyaiheaof the genus Cy at hen the indiisium has 
been shewn to be inferior in attachment and to partially envelop 
the base of the sorus upon all sides within its cup-like walk. Tho 
indusium of Henulelia is net unlike am indusium of this sort cut 
vertically in half; that is, it is deeply concave or hood-shaped when 
young, and from its point ol attachment at the base of the receptacle 
bulges outward,, surrounding the sporangia of at least one-half of the 
sorus upon one side. When the sporangia expand at maturity the 
indusium is borne back against the leaf surface and forced to assume 
a flatfish, semicircular form. In so doing it usually splits part way 
lo the base into several irregular spreading lobes. These are coin- 
manly short and rounded, two to four in number, and slightly con¬ 
cave' but in a very few species (for example, Eanitelia muricata of 
the Lessor Antilles) the indusium become sharply deft into several 
elongated, acute segments, which stand out obliquely from the leaf 
surf oca* mixed among the sporangia, and arc not very readily 
observed, more especially since they are deciduous. Nearly all 
species of the genus* however, have indusia of the former sod.; and 
lids without regard to differences of leaf form* The receptacles are 
similar to those of Cysthcta, 

Ifemitelifl Ls generally accepted at present ns consisting of two 
sections* Eukemitelia and Cnoniidarm, distinguished by differanees 
in habit, lenf cutting, and venation. Tho first sec lion, typified by 
Ucunidia jnul6ffora f embraces mainly plants with upright trunks 
and largo tripinnatifid fronds, similar in form to those of most species 
of Cyathea, tho segments or ultimate divisions being relatively 
small. Also in free venation, scales, and minute characters other 
than those of the mduaia, l he half dozen or more North American 
Species of Euhemitelia are precisely like those of Cyatheu. The 
usual form of tho indusia is shown in plate 10, figure representing 
IL muttyfftirti. 

Of far greater interest La the section Cnemidaria, compose.! of 
plants which are rarely arborescent and whose leafy fronds are of 
very simple form. The typical and best known specie of this group 
is IlemUtlia horrlda, which is nearly confined to the Greater Antilles, 
An unusually wdl-devdoped plant of this La shown in plate 11, 
affording an excellent idea of the broad and relatively large divisions 
of the deeply bipbmatifid., nearly hi pinnate fronds. Other species 
have smaller and simply pinnate leaves, with the margins of the 
pinna* entire* undulate, crenate, or marked by regular rounded or 
angular lobes; and a few are even iatger than H. homda t with th^ 
margins eimUarly variable in form. In some specie the lobes are 
sharply acute; in others regularly rounded- There are marked dif- 
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feimccs in venation, too + certain aperies having the veins and vein- 
lot^ entirely free, others having the mid veins of the segments regularly 
united near their base by a abort transverse veiniet; differences 
which have been largely overlooked in recent years, but which, 
especially in connection with the position of the sort, are of primary 
importance in the recognition of the sptrics, Only a few species, of 
which //. hftrridd is otic, have the stipes noticeably spiny. The 
scales «f the rhizome ami stipe also are umienal hi their broadly oval 
to ovate form, .blunt (or at least never long-attenuate) tips, and 
usually tliin lax texture; and many of the species arc nearly or quite 
devoid of any scales upon the undersurface of the segments, probably 
because these are not needed as a protective covering. Indeed, m 
many respects tins group, which is wholly tropical American* is one 
of unusual interest* although the recognition of the 20 North A mwiMn 
species is by no means easy, largely because of their complicated 
taxonomic history, A somewhat detailed descriptive account of 
these has recently been published, 1 

The lateral position and hnodlike form of the indudum common to 
the species of this section is shown in plate I2 + which represents part 
of a segment of //, horri&a at eight times natural ahr. The lax cob¬ 
webby covering of the veinlets here noticed may he observed in 
several other species in their young state; with age It disappears. 

TtfE GEttVft ALfOnULA. 

As Hemitelia differs from Eucyatliea in having but 11 half an 
mdusium," so Alsophila departs still further in having no mdusium 
whatever, or hi a few species only a rudimentary or vestigial one, 
lying as a minute tliin scale at the base of the receptacle, beneath 
the sporangia and concealed by them. Taking the place of induria 
as a protective feature, however, there is noticed an increased develop¬ 
ment of paraphyses, variously shaped and colored, elongate, simple 
hairs, mixed among the sporangia and often exceeding them. Similar 
hairs arc present in Cyathea and Hemitelia, but are mostly shorter and 
md very obvious. 

The North American species of Alsopliila, about 30 in number, are 
divided among the sections Eualsophila, Trichip teiia, Lophosoria, 
and Ampin lies miu in (Motaxya). Enalsoptula contains mostly arbo¬ 
rescent species siiiiilar to Cyathea in everything save sori; the others 
are represented wUldn our area by a single species each. Of Eual- 
sophila may be mentioned the following more interest mg or better- 
known epecies: Ahophilu Q&pem, a common West Indian species, 
two pi rune of which arc shown in plate 7; A. d&iKjata, a special rang¬ 
ing from Costa Rica to the Andes of South America, well marked 
by its huge, broad, nearly tripinnate fronds, its stiffs yellowish pin- 
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imhs ft]l ifrawn out to long, slender* Hourly linear pointy thus 
BUggctsting the species name; A. 7ni*?rodi>nta i a lowland species 
already mentioned, easily distinguished by the remarkably large, 
strong, narrowly corneal spines which occur at irregular mtervijs 
the whole length of its stipe and primaty ruchis; A * stipula m* a 
plant of the mountains of Costa Itica and western Panama, with a 
trunk 30 to 40 feet Itigh anti enormous spreading. nearly tripinnalc 
fronds which Alow the very interesting adaptation of having the 
primary pinna? (particularly in the basal part of the blade) directed 
bar-kward from their insertion upon the ruclua at an acute angle; 
A, annqta, which, with several related species, baa the stipes and 
rachises densely soft-hairy; A. mitosurmdcs, previously mentioned, 
with very minute* thickly set spines closely associated with an 
abundant covering of glossy brown* slender scales at the base of the 
stipe, and the pinnules of the deeply tripimuuiful fronds ending in 
narrow greatly elongate tips, '‘taiwAO-taiUlko" us the specific name 
implies; A. SAitAruw t a much mare leafy plant of Mexico and 
Guatemala, with broader and larger rounded segments; and A\ 
Salvinii of Chiapas ami Guatemala, a species with leaf blades fully 
tripiunat^, the elongate, crenate. leathery' segments sessile or short 
stalked, the rachises firm and woody and of a polished, dark 
purplish-brown color. The naked fnonindusmte) sorus of this 
group is indicated in plate ID* figure C representing a portion of a 
very young pinnule of A. mifosuroides, in which the sporangia are 
aU in [dace. In figure D t of the same plate* is shown a similar por¬ 
tion of A. ScKitd*ana at a later stage, in width the sporangia are 
nearly all fallen away from the roundish elevated receptacle. 

The section Lophosoria contains a singfo species* Atsophlla quad- 
rijdnnuia] which offers several peculiar structural characters, possibly 
warranting its separation as a distinct generic type; the trunk and 
fronds have already Wn described* 

The section Amphkfesmium likewise contains a solltaiy species, 
Ahophlhi bUthiwidfS} wldch is unique among American tree ferns in 
the production, of more than one soma upon the vebdets of Its large 
simply pinnate fronds, A partial section of one of the long slender 
pinna 1 of tliLs species i-. shown in plate 1S 7 figure A. Both this and 
the preceding species are peculiar in the silky hairiLke scales of the 
rhizome and stipe, their form and structure being that of the tribe 
Dicksoniete and very different from the usual flat scales of the 
t yatheft? + The fourth section, TriehipterU, which h essentially a 
group of fully bipbmate South American species, with sessile or 
stalked pinnules and soil borate in a dense row, is ropiesoufe’d in 
Xurth America by a single species r At&tphiki munjirialis ^first dosenInal 
from British Guiana but gathered ouee since in Mexico* The scales 
ill tliis section are like those of Eualsophila. 
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TIIE TRIBE BXCftSOHmB* 

Differences in habit and size of the pi nuts and In l be general shape 
and dissection of the leaves offer more obvious mark- for the recog- 
nitioti of the three genera of Dictsoiiieije than do the Indus ia, which 
arc alike in position mid of very similar structure- Thus, the several 
species of Culdta are small plants, none of them ever treelike, having 
short rootstocks only a few inches high and a spreading crown of 
broad, skeletal dike, greatly dissected leaves randy more than 3 or 4 feet 
ldgh P including the stipe; while (Thorium and Dicksonia arc mostly 
if not altogether arborescent, plants at least of huge growth. In dis- 
tinguisbing tlie latter genera it will be noted that lhe blades of Dick- 
&ouiu are elongate mid eith&r lanceolate or oblanceolato in -utlme, 
and that those of Ciborium are very much more ample and broadly 
ovate or even triangular. Coupled with thcac differences, I to we ver, 
are characters afforded by the son. winch, when once made out, are 
unmistakable. The position of the mrt and the general structure of 
the double mdusium has already been touched upon; the generic 
distil let Ions follow. 

THE OfiyrB MTEHOh'IA. 

In Dicksonia the outer concave lip of the indusium consists of the 
greenish leaf tissue of a small marginal lobule of the leaf segment 
which is slightly if at all modified by its function us a partial covering 
for the sporangia. The *kape but not the texture of this outer Up h 
shown in plate 13 r figure B, representing DL'kaonia imvarrcnm^ of 
CifHta Rica and Panama, The inner Up, or true indusium, is seen to 
be of similar form, almost hemispherical, its hollow inner or under 
surface embracing the sporangia upon the side opposite to the outer 
lobe. It is yellowish and rigidly cartilaginous, thus coiLspicuou-I}" 
differetit in Lexture from the outer lip, and is attached along the base 
of the receptacle, upon which the sporangia are borne. 

But one other speck* of Dieksonlu has been described from North 
America, the closely related D, lobviata of Costa Rica, This and the 
other members of the genus have like indusk, A section of a primary 
pinna of IK nm a arremh Ls shown in plate 14 at natural size, The leaf 
tissue Is rigidly coriaceous and of a yellowish green color. The trunks 
of this species, as I have seen them, are about 0 to 1 m 2 feet high and 
always roughly clothed with the very stout smooth bases of old 
fronds, a feature which seems to he characteristic ->f the gt-nm us a 

whole, -- — - 

the asmm cl’lcita. 

Alt hough the Indus in of Culcita are very similar to those of Dick- 
soma, the plants me so different in habit, m their smaller size, and in 
the nondevelupmont of an upright trunk, uud bear quad rip humic 
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Je«I blades of such distiuctivo form and cutting, that their recogni¬ 
tion as a genus seems justified. There are about half a dozen species, 
mostly of the Sout h Sea Inlands ant! Msluva, one, however, occurring 
in the Azores, Madeira, and Teneriffe, and another (Oulcita coniifolia) 
inhabiting the high mountain forests of Jamaica and Santo Domingo, 
and extending on the continent from Mexico to Ecuador and Brazil! 
A pinnule (tertiary division) of the lost is shown in plate 12, figure (’. 

THE GES P lf$ CTBfiTTfTM. 

The most [uglily differentiated indurium structure of any of the 
DictBonie* is exhibited in Cibotium; for in this genus tlw outer lip, 
like the inner, is mumfestly cartilaginous, and the two valves fit 
together like a box and fits iid, offering complete protection to the 
sporangia until maturity. Plate 12, figure D p represents at four times 
natural size a section of a pinnule of C&olivm SchitdH, of Mexico and 
Guatemala, in which may be noticed both closed and open indusia; 
as also in plate 15, which shows part of a primary pinna of the same 
species, at natural size. Three other species, all" with deeply tripin- 
nalifld or tripbnate leaves of similar fonn are known from Mexico 
and Guatemala. In these, as in most foreign members of the genua, 
the double iodusla after maturity are bent back in a eW row upon 
the leaf tissue of the underside of the segments, their position (i, e., 
whether oblique or parallel to the midvein of the segment) at tiii* 
stage varying according to the species. Their sliape also is diag¬ 
nostic, some of them having the valves sprung widely apart, like gaping 
jaws. In all but two or tlirec of the species, both jVmmcan and for¬ 
eign, the under surfaces of the blades are whitish or even bluish 
pruinose, from a dense covering of very minute and closely act 
wliitLsh papilla; which are ..f a waxy nature. Not a few species of 
Hu' tribe {'y a these have a similar development, whose function 
must be to guard against excessive transpiration. 

Cibotium has never been collected in South America, and is cer- 
tairily not common in the North American Tropics, judgb" from the 
small amount of material collected. Wo have also only'’scant and 
mi (I conflicting data aa to habit, from which it appears doubtful if 
the four American species normally attain a pronounced arborescent 
form, similar to that of the Hawaiian species, for example. A brief 
critical account of these, with notes on their rather involved taxo¬ 
nomic history and with illustrations of each, has recently appeared 1 

BJFnCUL l TIES OF STirt>r. 

From the foregoing it will bo evident that tree ferns are more than 
ordinarily difficult of study on account of their enormous size. Even 
for the m ost commonplace data as to dimensions of trunk ami shape 
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and size of lesves, femstudents up to & comparat ivnly recent, t ime Imre 
been dependent mainly upon tha chance ami often inexact observa¬ 
tions of collectors, who as a rule have not been well acquainted with 
the group, and upon the clmracters offered by conservatory specimens. 
As has been pointed out, excellent distinguishing characters are 
afforded by the trunk and by the vascular parts of the frond, especially 
by the stipe bases, which are mostly armed with spines of different 
kinds for different species and clothed with equally characteristic 
scales. let 'these are the very parts usually omitted from collections, 
which are likely to consist only of a small sect ion of the blade, often a 
single pinna. To know from such scant material the real characters 
of plants with stems 10 to 50 feet lugh and leaves 5 to 15 feet long is 
obviously impossible; and many have been the complaints of fern 
writers from Sir William Hooker's time almost to the present upon the 
in&dcquatencss of herbarium specimens. 'Within the past two or 
three decades, however, and with the development of more convenient 
and ready means of travel, the practice of sending investigators to col¬ 
lect material of their own special groups lias become general. Very 
fu ll and valuable data are being obtained in tills way, in marked con¬ 
trast to the incomplete and piecemeal information conveyed under the 
old method; and it has been found feasible to collect and dry charac¬ 
teristic sections of the trunk of most species, in addition to the stipes 
and the lower, middle and upper pinnae of the fronds. It is upon the 
basis of carefully selected and complete herbarium material of tliis 
sort, supplemented by photographs and by exact field data as to size, 
form, structure, and color of the various parts, that an adequate knowl¬ 
edge of tree ferns will finally be built up. 


EXPLANATION OF PLATES. 

Tijitk 1 . 

Group tree fcni* (C'yatkm pnn&p$} r near Sepncuirt,, Alla Vtesptftj Guatemala. 
Photographed by Mr. O. N. Celling April ll p I&C4. 

Plate 2, 

View from the Ad juntas Head, Porto Efoo* showing pknU of tyathta aarfotm. Photo¬ 
graphed by Mr, G, N. Collins* July 11,1001 F 

Plate' 3 . 

Two forma qf trunk of CyQlhtu arlorea {rieo p. 472), collected iii Lhe valley of the Rio 
Bayajnifa, eoulheru dopes of the Sierra Mne^tm, fjJrtfT B Cuba T altitude 
2,000 to apaoofect, April* 1 oor: % er* Kazan 3000; fig, b t 3SM, Both 
ene-hall naLun&l 

Plate 4, 

Coffee wariihcKire lit Sepacuil^* Guatemala; excepting the five hratw jmppnr t.itig tim¬ 
ber* the upright md&t arts entirely of tree forn trunk*. Ffcotomphed by 
Mr. Gh Ni ■CoUkus. 
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PlaT£ 5. 

Stipe hx3f& of threw epecSw of OyMhea, lowing different kinds of spines and settles* 
Fig. A. valley of the Rio Batumita, Cuba, JfajonftlKlG; %, B t C. 

uneuf'iii vicinity of Cull bianco, Coatm Rin, altitude G^SOGfiwt, May I, 19CM5, 
i/sjc»ri 318 p fig. C r (J. auwmtaw, (ok# l along the upper Caldera EiVfsr, 
wentem Chiriqui, Fimiima,, altitude about 4 ,800 feet, March 24 r 1911* Jfazgjt 
JViT.V All natural size. 

Pure fl. 

Young unrolling frond of Qjh£Aai m4)onea. at Cagnas, Porto Rico, 

June -<J P UK)], by Mr. G. N. Calllm*. Natural size, 

Plath T, 

Two pinnae of from tlm vicinity of Mansfield, near Bath, lamiac*, 

altitude JHJO to 1,200 feet, Jueuj 2, 1SH)1, Jfaron 3-305. Two-fiJib- natural 

■Lie. 

Plate 8. 

A nearly complete plant of lb* junallswE North .American, tree f* b m d Cyath&i jY«Ki, fmtn 
tho vicinity of Vinegar nil I, Joraidea, altitude 3,000 feet* Juno 33, i£KH, 
J/uron 2751. About iw»ilfi3 w natural nlz**. 


Ftxfm 9. 


Fig. A- Cup-shaped iudtifila of Cynt Am slfprat in a very young condition* Specimen 
from the Blue Mountains, Jamaica, Hart 175. 

B. A later Htage of the name specie*!, the indium amply of sporangia and partially 
eulbipHi*!- Specimen from IMSymount* Jamaica, altitude 2.500 (pet. May 
8, 1903, Jfean 1945. 

C and D. Entire md ruptured globular induA, respectively! of Vu<ithat Brunei. 
Specimen from Coliblanoo, Costa RIra, altitude €.500 feet. May 1, 1900, 

Maion 332, 

Plate 10. 


Fio. A. Mature son and nhallow saucer! Lkir ini I lima n[ CytiflA] <irk^«_ Specimen 
from volley of the Rio BayamRu, eaaiern Cuba, JEaxan 3000. 

B. Son td Ilrmitilia mukifiorz. showing the jemkirtrukr rcflcxed, waleJike 
indusb. Specimen from Port Living*ton* Guatemala, at am frvel, Feb¬ 
ruary 18,I005, I>enm 4S3. 

0, Young eori of AUophih with sporangia all in place, on Endiediim 

wanting. Specimen from mouubiiu near E| Guam*. Fundnca of Pinar 
del Rio, Cuba, Man'll 0, 1500, Pafrarr dr Riley 19S* 

IK Old mri of Alwphil* Schiedam, showing the nearly ban* receptacles* the 
sporangia having fa lien. Specimen from vicinity of Ciu^uo (between 
Panti« and Settahti), Alta dfampu, Guatemala, April 23, lEtfW, Bather 104, 
All at bur time* natuitil hLjo. j 


PtATE J L 


*,■*■*■. ■> 


A plant of HmUelia harridu in eul uvai ion it the New York Botanical Garden. Speci¬ 
men from DtjlJwood, near Silver Bill Gap, Jamaica, altitude3,000 leet, 1908, 
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PtA'TK 1± 

Segment of linn ifrfua harrida, the ample, hood^luped, Literally attached 

indusda which protect ihf> young gponsnfria^ Specimen fucirq the upper 
ulop^ of tin? Gran Piedra p eastern Cuba* altitude ab^ut 3.000 feet r April 
14, 1007, Atissm H0&4. Eight times imtnnil rife, 

Piatx 13, 

Fw + A. Aitophitn bkdmnidtti the only American ln>e fern having more- than on? 

(ftinns upon a vcinlet. Specimen tom hilly funrel shave I<m Cai*caditf r 
Cmml Zone, Panama, altitude abmjt 500 feet ? February 19 P 1911 p .Moth 
4SS7. 

B. Sort and ind ink of Zljrifcwnifl uniwinuii, Spt'cimtu frota mou ntiriiu 5 mih 

aouth of Cart&go, CwU Rica, altitude 5,5410 foot, May P2, 1900, iftuna 513. 

C. Seri and induiria ol ZWctfa a?niifaliu. fiptidiDon from humid forested Mopes 

near Corro de k Hcnqucrta, wwteta ChMqni, Panama, altitude 6 r 500 feet, 
March 13, 1011, 5450. 

D. Bcti and indusla of Ci&otfum SdtiaM. Specimen Irani Zac ua pan* Vera 

Crus, tfoxfotf, November, 190S h JWjcnu 1970a. 

All at lour tirnefl natural sin*. 

Plate 14. 

Section of a pinna- 1 of Dirfjnnui wntarwu-ai at natural size, Specimen from mountain* 
5 miles south of Outage CotrtH Ri«-a h altitude 0.500 feet, May l£ p 1900. 
Jfjurm 513. 

Plate 15. 

Section ol ci pinna of CHfatfum .VdltwoW at natural size. Specimen from Zacu*fjan + 
VcraClTO* SfeUt™, November, 1903 P PuJ-ptw IGT&a, 
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Pinnae cf Al&ufmila aspera. 
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Plate: 11, 


HeMITEUA HOftHIDA, 
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THE VALUE OF ANCIENT MEXICAN MANUSCRIPTS IN 

the study of the general development of 

WRITING , 1 

[With 6 pla(ep,] 


By Alkmd SL Toeseii. 
TTdmmi Ntoivwdtft Cambridge t 


The successive stages through which Writing lias passed have been 
fairly generally accepted and I do net intend at this time to add any¬ 
thing new in regard to this development of writing . 1 Illustrative 
examples have usually been drawn from various sources in point of 
time and place. It is possible, however, to find in the Mexican 
manuscripts illustrations of all the stops in tho early history of 
writing . 1 

Mexico is the only part of the new world where there are any 
appreciable data on the prehistoric life of a people outside of the 
monuments and objects found in connection with them. In Mexico 
and Central America we approach even if we do not, by any means, 
reach that fortunate situation in the old world where tlio documentary 
evidence of an ancient culture, a literature, is present as an important 
aid in the study of the life of a people. 

The manuscripts of Mexico and Central America have, for the most 
part, been neglected by all except the specialists in this field. These 
documents furnish important examples of primitive ideas of art and 
illustration together with minute details of ethnological interest. 

The Mexican manuscripts may bo divided into two obvious classes, 
those written before the advent of tho Spaniards at tho beginning of 
the sixteenth century and those written during the early days of the 
Spanish occupation. Another classification might be based on the 
distinct localities where the manuscripts are supposed to have been 
written and tho nationality of their authors. The codices of the 


i B«-irto1*i hy penal-awn from Uw proowdlnSi of lb* Amend, Ant^uittw &*3« r fur Afrit, 1BU, 
Worasrtor, Ua-> , puMLitii'J IW «*» whi T, 

■ For * 5 hci:i ktouoI Of Lba Ocvddp or4t of wtillni s« Cto<M, 1*17, 

* C portion □( thb paper i«s jweeni* I HUiA Twaum nwl las of U>o AitSueotocksfl Inst Jane ot 

, m A f^seiBlniiart Upublbtel Eu tuo Amnteu JoMfOnl of Anhcolw (wothI wriest, vri, 
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hatalaaor Aatecfl or the plated of Mexico to be disturbed from 
those of the Nnhuas of the tiemi caliente region aill | theso in turn 
from those of the Zap,tees in the State of Oaxaca, and these, ac-m n 
horn Lthe manuscripts of the Maya., of Yucatan, southern Mexico, and 
Guatemala, The many minor differences do not prevent one from 
Seeing a great similarity both in subject-matter and treatment nm- 
nmg through them all. The calendar, together with other features 
of the life of the different peoples of Mexico and Central Ymeriea 
shows a common origin and, to a certain point at least, a parallel 
HtiveiopTDent, J 

The number of manuscripts is limited. The Maya documents form 
I he smallest class with three. There are more than n score of avail¬ 
able codices from (Me MixtooZa^tec region, a great part of which 
show a strong \ alma influence, and about half as many from (lie 
. shims proper, in addition to a liuge number of single imi™ anti other 
manuscript material from Mexico 

Tim Spanish priests in their attempts to Christianize the natives 
ainmd especially to destroy all that pertained to the ancient teaching. 
Accounts tell of the largo number of manuscripts burned, and dl 
owing to the misdirected zenl of these Spanish missionaries. The 
greater part of the documents still in existence are in European 
libmnes. although a few still remain in public or private collections 

lr| +110XICO4 

The manuscripts are usually written cither on long strips of doer- 
akin, fastened .together end to end, or on h trips of paper matle of bark 
or of maguey fiber. The whole strip is, in most cases, folded up like a 
screen, j lie two sides of the sheet are often covered with a thin layer 
of fmo plaster, on which the characters are painted. Those dating 
from fmhtr-C olutnbian times are often written on European paper. * 

1 he greater part of these early manuscripts have been published, 
7°, Ki ngsbt>rmigh m tho first quarter of the lust century was the 

Htedv rES" , t of wp^efing the codices for 

atu >. The I>uc do Louba* 1ms been instrumental in bringing out 

ILridsV S0 l ! eral of tbo ttost important ones. There is 

therefore a considerable amount of available material for a study of 
the writing rrf Mexico und Centra! America. 

Both the pre-Columbian and the post-Columbian manuscripts eon- 
tem records of an historical nature, accounts of migrations, the sue- 
cessio n of rulers. cam paigns, am i lists 1 if tribu te. Hi Here n t p liases of 
the ancient religion and the calendar are also shown, the secular and 
the sacred calendar, astronomical calculations, the methods of 
divination of the lucky and unlucky days, and the religious «rl 
menials. 
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It is not, however, the ideas expressed in these documents but the 
methods used in expressing them, not what is written, but how it is 
written, not the content, but the means employed that the present 
paper aims to consider. The manuscripts form only a part of the 
available material for the study of the writing of tliu peoples of 
Mexico and Central America. The extensive use of stone carving on 
the facades of buildings, on altars and stolsa, and on Uie lintels opens 
up another extensive source from which examples might be drawn. 
It k only in one case, however, that an illustration will be taken from 
the stone bas-reliefs. 

The early history of writing has been curiously alike over the greater 
part of the world. The preliminary step h in the use of reminders or 
mnemonics. These signs convey no message in themselves, but serve 
only as an aid in bringing to mind Some event. They are not uni¬ 
versally useful as ivre many specimens of picture writing. They can 
usually be employed only by those who possess the previous knowledge 
which the remim Lers sen c to recall. Notched sticks and tallies of va¬ 
rious kinds arc well-known examples of this dosa. The Roman row ary 
immediately suggests itself as belonging to the same type. L’lie 
Peruvian quipu or knotted string is usually cited os the best repre¬ 
sentative of the class of reminders. Rot ur ini (1746) in his ' Idea de 
una nueva histork general states that the natives of Mexico used a 
knotted string for recording events before the invention of a hiero¬ 
glyphic writing. Its native name was nepokml tzitsin, “cordon de 
cuenta tj nurrtfro" 1 Lumholtz (1902, vol. 2, p. 128) slates that the 
Tluichols of north-central Mexico in setting out on a journey prepare 
two strings of hark fiber and tie as many knots in them as there are 
davs m the Journey. One string is left behind In the temple with one 
of the principal men and the other is carried on the trip. A knot is 
untied in each string each day. As Lhc travelers always camp in the 
same places, they are protected from accidents in each place by the 
prayers of those at home. Lumhollz cites a second instance of tho 
use of the knotted string as a reminder. In the Hi hull rite there is a 
general confession made by the women. “In order to help their 
memories each one prepares a string made out of strips of palm leaves 
in which she has tied ns many knots as she has had lovers, I bis 
twine she brings to the temple and standing before the tire she men¬ 
tions aloud all the men she has scored on her string, name after name, 
Having finished, she throws her list into the fire and when the god has 

i Boturini, "XwlAMUmbmoon HU E4mlui» lan> curio <U (UKOfbi j M «n unoc (Vitilnm* 

l4«ai n la, t "U« w mUsUiMn <n «, dtJirioi, qu* pohiliuiJ» 0 CwOpU principal add«<l« dlfertoiri 
i»i|<h«. UluialnoflflUiIittiini Piiaicularann le> HoynredEl 1"<t6 j «i lo« dt la Sum Eap£i 

yU niMA , dorivmilo m irnamlflirldn do rt rivnhlo .VfjwUAW, quo qulm«l«ir OrAmta, * com.) > t 
ffenfoii if CTjrtft, j osnwfa, w qiM * reftfUn t ttumerabiui lotcaau dlpun 0e nremoria, Ml 

piv miu, cuniu Unwiinna rr 
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and consumed it in his (lump, all is forint ten." The men 
have a similar custom. 

A single manuscript leaf of the Humboldt Collection, dated JfifiQ 
(pi. 1), shows the same idea of reminders together with true picture 
writing,' It is a bakers account. Just os the baker in mirnv emm 
triijs notched a stick in keeping his record, so here he employs much 
, “"*• pi-ineiplir. Th© circles are tallies, tho reminders of tin* num- 

ber of tortillas or perhaps loaves of broad baked each day by the 
women. The sign of the flag over several of the circles is a symbol 
for JO, Tho circles containing the curved Unis show* the feast days, 
the Sundays, coming six days apart, The Spanish method of keep* 
lI, ~ time has been adopted in lids case. 

The lirst step in the development of writing after the preliminary 
stage of reminders is that of pure picture*. There h no Jack of illus¬ 
trations of this step in tho manuscripts. Pictures are used simply as 
pictures with no idea of sound entering into the meaning. They are 
used not as symbols or signs of something else, but simply in their 
objective* sense. There is no trace of mysticism. The objects rep¬ 
resented can not bo treated ns ciphers or cryptograms in any attempt 
at thedi interpretation. A good example is found in a' series of 
pages (pis. 2-o) from a post-Columbian manuscript in tho Mendoza 
Collection, now in the Bodleian Library and published in Kings- 
borough (1831-1848, vob 1, pU. S9-G2)» Tim pictures give a ©tear 
account of the education of the Mexican boy and girl from the age 
of 3 to the age of 15. Tim boy mid his father are shown on tho left 
and the girl and her mother on the right. Tho years are indicated 
>v uj-eles, und the daily allotment of bread appears in front of each 
child. At the ago of 3 a half cake or tortilla is the daily ration. 

\i htTCiLs at 4 it is iuuroasod to a whole ono. 

Plate 2 shown the education from the ages of 3 to 6. Plate 3 indi¬ 
cates tho tasks imposed and the punishments given to children from 
thottges of , to 10. Plate 4 continues (dm punishments for the elev¬ 
enth end twelfth yeans and shows the tasks from the thirteenth and 
Ourteenth years. Plat© 5, at rhe top, indicate* that at the age of 

, t ie . * I® tli ' nocl ovcr tn u11 outaido authority to continue Ids 
i ucation, flio lower half of the same plate shown dearly by means 
of pictures the marring© ceremony. The groom carries Ilia brido t ,n 
Ilia buck into an indosur© and is accompanied by four women carrv- 
ing tore Iks. Th* marring© rite consiats of tying tho corner* of dm 
mantles of the two together. The marriage feast is abo indicate 
The bpa insh accounts of the ancient marriage customs are no dearer 

' This m&BUMljil aeallfld rnctpmt XUIHtunboMt —n- ■ .. - 

amt jilw laab«oil«:t«l ttirflti, viA 1, pp. St aa. Tin, li [runlatftl in Ii«~ u ***• L<sfl ' 

ST3ia-iir,pLi*. j-.tbMtocj,, fttuirtin a, 

ptora «*. 3-1) Aj]il ftOa %v Pi 1 to Kf. r. S’. H*l^, ** of lb* Dumi 81 
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than the pictures shown in this manuscript. Every detail recorded 
in Lite pkturo is described in the Spanish texts covering these points. 

It is not possible in the present paper to enter into a discussion of 
the different uses of picture writing among the Mexicans. From our 
point of view much tliat appears ns more decoration, as ornament, 
on the sculptured fumades of the buildings nnd on the bas-reliefs are 
far more than decorative designs. There is in every case a moaning, 
however hidden it mar be by the complication of the design. 

Picture writing may develop along two lines, the first to a form of 
conventionalized pictures and the second to one characterized by 
symbolic forms, which in turn may become conventionalized. Con¬ 
ventionalization shows itself often in stereotyped forms used over and 
over again to express the same idea. The mountain almost always 
appears as shown, in figures 3-5- All the top partis painted green, t io 
bottom yellow with a line of red ahove. The color of the original 
drawings is n great aid in identifying the pictures. 

The usual form of house is shown in figure 3, water as m figure 4 
at the top of the mountain. The w ater is usually colored blue. 

Symbolism may appear in the use of the part for the whole, the 



Fi->. k. 


picture of the whole body of a jaguar may give way to a represente* 
tion of the head, or, still further, the idea of the animal may bo 
expressed by the spotting of the skin. The road traveled is shown 
by footprints, aa in figure 1. Xight is pictured by the stare in a 
circular field, as seen in the Mendoza manuscript (pi. 4, n). Death 
is often shown by a skull. 

Symbolism ami conventionalism may appear in the same figure. 
Speech and song are usually expressed by a commalike form in front 
of the mouth, as shewn More the parents instructing their chihlren 
(pb. 2-5). These speech forms sometimes go so far as to indicate 
the actual character of the speech. An example taken from a stone 
bas-relief in Yucatan 1 illustrates this point (fig. 2). The whole 
design, of which that shown in figure 2 is only a small part, centers 
around an altar, behind which is shown the feathered serpent. 
Speech scrolls are indicated before the mouths of all the personages. 
The warrior above is bringing his nlTering of weapons. He has 
before his mouth, separated only by his breast ornament, die con- 


i Tih tn>relM fenra tlrt l*n* of tl» thambtf Uu Trmpla d the Tlyn ftt Chyteol ta. Fgr 
, invvitir «r th* viiai* ■Irani, •« a, pi-«, An «9taflrtta ot iba w*sa b 

(lr«i in Stiff, 1«6. 

38734®—flu 19 U-32 
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vcntlonaUred head of a serpent with open jar's, the bobs plug. Hie 
eye, and teeth, This evidently is the representation of a prayer or 
speech in behalf of the serpent god. Below, to the left of the altar, 
the figure is possibly an idol; to thn right of the altar a civilian is 
shown bringing his gifts, possibly bags of feathers. Before the 
mouth of this figure a most elaborate speech is indicated with buds, 
blossoms, and leaves,* In each case tho conventionalisation and 
symbolism arc marked. 

Tliis development of writing from realistic pictures to those of a 
symbolic or conventionalized nature boa its parallel in a develop¬ 



ment of ornamental ark* Tluit the reverse process from certain 
more or less geometric forms to those of u realistic character may 
sometimes be present in primitive art should also be noted. 

The “ideographic” stage in writing is reached when suggestions 
take the place of representation. The idea rather than the picture 
is the important factor. The Spanish priests realized very early the 

. **» ■«* ***. *» j Bars, is®, tB |. T, p. 4?V «jsd pL ?. Bck. 
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gTeat ability possessed by the natives of Mexico to read by means of 
pictures* * They took ad van t age of this in s evens] ways in order to 
dissenufoUp the teachings of the Roman religion. The entire cate- 
eldsm was shown by means of pictures. No question of sound entered 
Into this sort of picture writing. These pictures were painted upon 
great cloths and hung up before the people. A page of Voiades, 1 a 
Latin account of the activities of the priesthood, dated 1579, shows 
some of the ways Liken by the priests to introduoo the new religion 
into Mexico. * * * Tort^umada (1723) 1 and other early writers 
describe these charts or ii Uai£mJ > I know of none of these charts 
still in existence* but there are several manuscripts which contain 
the simie class of pictures. Leon (lOfiO) illustrates and describes 
Ibis kind of document. The Peabody Museum has a manuscript 
which is slightly more elaborate in its figures than that pictured by 
Leon, but in all essential particulars they are identical. Both may 
be considered copies of earlier charts, * * * 

In all these illustrations we have seen pure “thought writing/ 11 
ideas expressed by pictures, conventionalized pictures, symbols, or 
convent-jcmalued symbols* Up to this t ime there has been no sug¬ 
gestion of the immo t or, more exactly, the sound of the name. Ideas 
have been expressed, but ideas regardless of the sounds which the 
names would signify. 

The nest step to be illustrated by Mexican examples is where 
sound comes in for the first time as a factor, I( is not the object 
now that is the desired thing, but the name of the object. This 
marks an intermediate stage between picture writing on the one 
hand and phonetic writing on the other* It employs the well-known 
principle of rite rebus* It is this step which h illustrated with 
special clearness in the Nahua manuscripts, perhaps hotter titan in 
the writing of any other people. 

Much has been written in various places on this phase of the writing 
of the Mexicans. The phonetic character of the greater part of the 
various pictures has been known for some tune* 4 Brin ton (1SS6 
and 1S86, a) has discussed this method of writing and gives it the 
term “ikonomatic/* the “name of the figure or image/ 1 referring to 
the sound of the name rather than to any objective significance as a 

I Vetkins, ljjr.. thnp). srr ^j H pr W * pfcfcurtfll aJfifclibtl v l,.c3i Lj *1 LajpcrtaJir^ VnJtflUn*, IfcsO. p, 
71, pi a r^pnt'iijrtkin u-J Si. 

* rir h tbn.p. n^ T ,B TBtvlnim estisi BenltiMi I'lwfnsi,, mi mixlo d* IMw^up iDtftw quM 

mtOkfow, f ssial pr orach uafr, imjTnaf* ladl^, penf *pr oinfuriiie at use, quo fllire turrlHn, tir inii&r to*3u 
las ckbs ptr ftftturaij y hi d»fl Habere. Bmtitm Plntar m an Uwgp* to* Art Iraltn Jr Li F*. y tn «tn, 
itiei 3 lnsibrniRrt|iU du Dioa, y ch etno. In iltSe & 3 jnmral«^ y Jo rJroite qw qi^riifi r da la FXicinfl* 
rjirijiittm; # ■qosGi'le *3 Kt^lkidoj, qorrU Fn^loff da Los Wanctamientei ^als-av^af j«Ma, rJr iloit-l* sa 
E'igniB.Jk Frivliciir *\<* l » iTafliljunirnuw cn dktancLn quo po*!:^. « • n unu Vara stfial-ar 4prJ« iW 
quHliaflrtft. ‘ ' 11 Far luiftSer rv'trtpTqf’i'f la thlffQEStaffi, L*vr, 1DOO. 

ISg&i, tiMa Cir U tin H OwJ^tnlfcfBrcVoa " tor Orb tind mum. 

1 r. n in - 1 |iv 0 aa itlas at the p'ner-n-n-ri fiamJ in tho trflHUti UsU Jn ilw CotifcX 5IemlDeloa. 
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picture. Phonetic picture writing; Is perhaps a term more easily 

undemood. 

The simplest names nre those compounded of two nouns expressed 
directly by two picture: 

Cttl-i*p*c t the hmiflft *□ tho mountain [fig. 3): 

Cal from adK, house- 
JVpectom ^ mountain. 



Fm, s. 



m,-i. 



FiS.& 


the wulor on tlie mountain (%* 4 ): 

A frpm aC^ water; 

from immnlaku 
tlio mountain of the snrpcnt {fig. 5): 
Cog itoui Mail, ftpipfint; 

JVpiK fmoi Uptil, mountain^ 


The verbal ill™ is expressed ns one of the factors in some of the 
proper names, giving n compound of a verb anti n noun, both ideas 
being expressed by pictures: 

TnU-mnfl r tho place whet© dm Ore cut (fig. fl)r 

IWi from tattm, nifthett; 

J/u F the imt of the verb meaning "to tako Homothing with lho hood. 1 * 




Thr.rO nw various ways of cxpresdnj£ the same comhktatiou of 
sounds* The syllable pan may be ahown in three differont ways, as 
follows; 

(I) By tim piclur? of» flag, jMnffi (fig* 7)* 

C'Aiwtaf-jwn, iJjeshh'M of tho fiji#: 

Vhirnal, from chimstJU, a fthmld; 
jPswi from panitii a flag. 
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(2) By means of Xhe raprwiit&tion of ji rivet or cimal , apantli (Ely, B). 


*■ * H ht *» +■ H r* ii ft 
I ■* ri ll I* <i 1 * it II M 

Fjo, a. FW.ft. 

(3) By mo^uu of position p the eyliable pani meaning s ‘over 11 ot ,l in " <*»- &>- 

the ab&idian knife over the verdure of tlio vidlivatcc] field; 
Itz r frum itztK r obiidbu knife; 

.Vi from mitH, a cultivated field; 

Quil fmui quititl T verdure; 

P(m from pan i\ over. 

The color of the picture also has a phonetic significance in some 
esaei, ils (fig. 10)— 

^lHa>ocz-pan p tho omikl of the very yellow water: 

A from oV p whUt; 

Ctt-cot, the mlnth-i^ed farm frotn Orffe, yellow; * 

Pan from vpaii, river cr ctuud. 

In all theso examples the meaning of the picture is conveyed at the 
same time as the sound. * 1 The name is Dot made up of signs used 
simply for their phonetic value alone, but the meaning is expressed 


Coapan, the fiver of Ihc ofiipcut : 

Coa t from £MtI p serpent; 

Pan, from apantii, a rivor vr^maL 





Fro, ll. 


by the signs as well. The town of the H very yellow water" undoubt¬ 
edly derived its name from the fact that it wiis situated on the bank 
of a muddy stream. We not* the river and the yellow water in the 
original drawing* as well m the sides of the stream. 

The true phonetic stage is not reached until signs are used without 
regard to them meaning m pictures but simply for their phonetic 

i Ita ttw ofL^nii i H afiuacrlplatb& *w*F U oaten*] jn-ltew. 

i Aimtm Inimst m invtlopmcBl *1 thn ^ oL a Ufa whsrt eta icttiahi fcrtnrt Is Eta fiama rallwp 
IWjUrfftHDOt cL3 fl pfcitlf* tl 3«fl iJl th* CtaflMnrr tef Lto dapOJTJn - 11)- Tlfcd word nMStni ■■MSLrts 
jna.^n » ^.1 La u**i nwt unly to Jcalffnrtt thM OiJ In Uw. act Em oF 2Q iterv bat is faund aguci atiil h^u in 
Ifiai UttM ivcordi to t»U«t* the- ocvttn*™ of in furtfiq imJ», ' 
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volue. In till ihe examples of place names given the different 
syllables of the term have bean expressed directly by pictures of 
objects or acts, by position, or by color. Soule other method has 
to be employed when one desires to bring out a moaning where it is 
not possible to translate the idea directly by a picture or by any of 
the other means we have noted. 

The town Tollan, if the place of the rushes/ 1 is 
easily represented by a picture of a cluster of reeds, 
toUin* Supposing, however, a town culled Trititfa ti, 
meaning “near TaUan" was the one to he written* 
i i i This would bo more difficult to express in picture 
^5Sj fjf form. The use of the homophone comes in here, 
1 f / { words of a similar sound but with different mean- 

* — hL— — 1 — I —I ings. The word Uthrn means if near something ” and 

the second syllable, thn r is also found in 
meaning 11 teethThus if the picture of some teeth (fig. 18) is shown, 
the sound thn would be expressed, suggesting in thk case the mean¬ 
ing, not of teeth, hut of nearness. 

There is another word for +l near f * or J| near by, ip nmuit r A place 
named Quavhmutu: has the meaning. u m or near the forest*" Quavh 
is the root of the word tree. The termination nauac is 

supplied by the sign of ‘‘clear speech ” (fig. 13), which is a second 
meaning of TUttiai* A variant of this place name is shown in the 
Aubin manuscript (fig. 14). Here there is an 
animal head with the leaves of the tree ahown on 
top. Speech is represented na in the preceding 
form. 

An interesting class of diminutives k formed in 
the some way by the use of the homophone rifico 
as in ToTlanzincQ, meaning u Little ToUan/ 1 The 
use of determinatives is not found to express 
the special meaning of the word which is to be 
used as is the case in the Egyptian writing of the 
same class. 

Wc find in the place names we have been con- 
sidering the beginning of a syllabary, certain cbai> 
actors always used lor certain combinations of sounds* These signs 
not only express single syllables but in a few cases, os in Upst find 
fUHiOCj double syllables, and, a from atl t Mingle sounds* 

The adoption of certain definite signs to express certain combina¬ 
tions of sounds k a atop far in advance of the stage of pure picture 
writing and it k well on its way toward the adoption of an alphabet 
where the signs no longer express combinations of sounds hut single 
sounds. It might ho possible to go a step farther in the cose of the 
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Mexican wiiling and say that the Salinas hail reached, to a slight 
degree, this final stage in their 'writing. We have seen how an a 
sound in the place names is always expressed in their writing by the 
sign for water, nil. So other signs which formerly stood for entire 
syllables seem in some cases to have been used to express the initial 
sound of the syllable. The sign of a (lag, jxiutli, came in Lime to bo 
used for the initial sound /*, the sign for dl, bean, was worn down to 
express tlio initial t sound, and the sign otfi, for toad, to be used for 
an o sound. I nrn inclined to think, however, that- the N shuns in pre- 
Columbian times did not realize the importance of the step which they 
were about to lake, the use of signs for single sounds, an alphabet. 
In the few cases where this seems to be found we have the idea of a 
syllabary rather than un alphabet as the tt of <tfZ, tfl, and otli, is a 
nomimd ending and the word in composition can stand without this 
sufiix. The signs for a, t, and o are really signs for syllables composed 
of single sounds rather than for single letters as distinguished, from 
syllables. 

The Nahuas in the pre-Columbian period did not develop the 
syllabary to the point shown in later times. There are no early texta 
in the true sense of the word written in the Xahxm characters. The 
Spaniards were the ones to realise the importance of tho syllabary 
and it k undoubtedly owing to their influence that certain signs are 
found used in later manuscripts to express certain syllables nlwolutcly 
for their {limnetic value and entirely divorced from the signification 
of the signs as pictures. Moreover, the Spaniards seem to have list'd 
to some extent at least the signs of the X&huns to express single 
sounds, 

We have already noted the work of the Spanish priests in their 
endeavor to teach the natives the creed id the Homan Church. In 
this case tho ideas are expressed quite opart from the sounds of the 
words. Tbo pictures could bo understood quite as well by one people 
as bv another. The missionaries were not content with tins. They 
desired (he Xahuas to learn the actual sounds of (ho words of tiie 
catechism. They took advantage of the ability of the natives to 
read in signs denoting syllables. The priest n selected native words 
which had the same init ial sounds as the Latin or Spanish words which 
they wished the Xahuos to commit to memory. The signs for these 
native words were then written in the native manner. The Lord’s 
Pravor is usually given as an example of this kind of writing . 1 

iTarqoemwi?, IZK. Book xc, chop, xxxvl. writas: " El VoraWO, nut film Up nr tv, v qua mai lira l 
la pMJiuoriQt'Wt da POUT, u PaatU. quo iliitHSm turn eamo FwT^.ri;n. can qua revi.ua »! npmcftt ila 
remit; pure Mordaiw del Vocable Pqt, r , panm aqorila Uvutiferiu, qua riytviacB l'ajiill, y «t rils 
dlceil /Miff, rant lb atgumd*. qn* tlM fivtrr. cl V«Uo, que rito lleaeii mas jwwtdo A tw* ptmiew; 
cLvion. a Kachill. qu* trial Nombra He toqite k» numraa Hamah Tuba, y an Espafts IH«o da lasladiu- 
DDeapunacoelana >tol Voeafcto .Vo*vr. pintail ctnocuflninaiiM Ira* U BaDdtrtta.mroTraia, qneciloa 
ii..-.., NophtU; r lie c-ila huiaere vkn pnwsl*ul*>ntlo, hula antovr pvi Onckvn; jr pup semi'JaDto miMfi 
huiacaa atrm seb^Jiuitea CwvCiVm. 7 mattes, |»r daade alias * rnUhdlui, pan luoer Mciussii da to 
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A Aug (fig. 15) ptrntfi suggests jmi , A pic tun? of a stone, tdl, 
highly conran tiortiilissod, atood for ter t making Poter, A prickly 
pear, nocMlh the fig of the ai&tus ajmntia, was used for mailing tli© 
syllable nos and another stone, trtl, the ter, making noster. In the 
same way (fig- 16) Water, a& } stood for an a sound and agave, met !, 
for Jrt^A making amen, 

T1i£- attempt made by Bishop Diego do Land a 1 to furnish an 
alphabet for the interpretation of the Maya 
hieroglyphics, as shown by Valent mt (1S80), 
is a. "Spanish fabrication" and entirely tm- 
workable when applied to tho decipherment 
of the lueroglyphic writing. The "alj>habet p * 
illustrates exactly the same method as that 
just pointed out, Here Lauda chose a native 
word beginning with the initial sound ho 
desired to write. A picture or symbol was 
then drawn to represent this word and this came to stand for the initial 
sound of the word. The picture of a man's footprint stood for one 
of the sounds for h, the Maya word for road being b? t 
The hieroglyphic writing of the Mayas, however, docs not servo 
as well as that of the Naluias to illustrate the various steps in the 
development of writing as a whole. There is far less known in regard 
to the phonetic components of the Maya glyphs. 

In view of the higher devel¬ 
opment of tins calendar system IT \ 
found among the Mayas, we 
might naturally presuppose a lJ 
corresponding higher develop¬ 
ment of the art of writing and yet Famtem&nu (1886, p. 2), Sdidl- 
h bs (18B0, p, 77), Brinton (1886, a), and Seler (1888) all seem to 
agree that the Maya hieroglyphics am essentially ideographic, with 
a number of constant phonetic elements which are used only to a 
comparatively slight extent. Up to the present time a comspond- 
mg development among the Mayas of the rebus form of writing 




qoe ftvtan dia Vmtnr Corn. jr lo raSuita ni^ on qq* b«« nfiivu de na Krmqrla CciEir^iqnns 

F*™ nevfflAnc d* tat I■wiriw, UinmiKlokH ^ Vmtfm {Kina It* qn* >]e lUKtroi »pco.> 

|Mf M*m *u* anwdl V*J, j pM liUbw k 1>Hb f li£ J r.n™.Umw p qDq ym *(»£** dfl Ua OWis 
tL? bll taJwion brtuttfrtfl . ¥ udJuui 1 r 

Ltt Cuu Is bli Apdstftti™ UUlarh >U l*& IeuUh, n ninr fniltLan tf wh.m b n^aMo (ias) p 
OCXXXV, mi lie *'Y na libtaada leer dimIh amrtblr toda En rtctfirtmi aU** pw §m Cpinwy 

h™ 4 ™ EnfpfljiwsnMnU", pankiuSaJa llpmi qiu nom*pwidiffFi so !*™^innrdjiAfli3MEjBTWilJa ; 

Ml 00™ annul. pmhn ptotad* imi earn* JOantu, y Iq#*a y trn nwinarsj* qq* m sa Ifm^i 

Ifiwi' *a con nuiffi, pSfqqi miLJuato mbbLI, jmS dir Me to SetKo^yoh* Tltf* touch* pirn ,ln tn dnitrlm 
erfeLto «£ript* par mu Ektmn " IfiiieLriai qua la kkn par tUni «ma jf It Icb per mtfsLra If tra ci m* 
cart 1 L T «i u TS a el jutlficta dt IftEenlo joco fcludrablji. 
i BWLHJI.U, IMH.P- 43 X 
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of tlie Mexicans hm; not been found. Various cMnoruto attempts 
to read the Maya hieroglyphics phonetically have met with failure. 
Mr. Bowditeli (1910, pp. 254-256} sums up the whole question when 
ho writes: 

Whiiu I eufacrita in general to thena wordw (ibni the urtintf is thiftfly ideographic) 
of ik f J ecuinoat Autsricfcmdt (Dr. Erin ton), I not nhittk UiAt the Aztec piCtUfo 
writing ^ u fi the a him plane tu ihut oF the Hoyaa. Aa far iw I am Qwtkre 1 the use of 
Ihb kind of writhis was remfinerf, among the Asrto*'- 13 , to the Twm? of |mm*i and 
pistce*, while iUo if they lined the tebiw fora 4t all, u*ed it nUu fur OKptoatfing 

commua nouujs imd paalbly fllwtr; -1 idea* The Wh™ Eur o]y u.-ed pictur# writing 
and tho ideographic system, hut I feel ctmSdont that * jai^o part of ihob hjercfjypfca 
will be fjiiiid to bo made up <4 rebud Forma and that ifcM true lino qI research will bo 
Found to lift in thi* defection. If ttiui is a c«mt view > d the onjfl, it h very kn j&rt&Vlt, 
iiufhpcita&ble indeed, that the student gf the Mllya bi-crugiypbii ■h.oilld Ip&xmi-e n 
thorough Maya Imgtifcl. I am al?o iif Iho npininn that the enu^mnul en-ttnd of a 
u.ylkkblo wlu of far greater importance than the vwsl sound, t*> that a Form could he 
LiiRvi to rojnoaoiiL a gy liable, even if the vowel ™l oo&ttiuiat pounds were revgreed. 

A further discussion of the hieroglyphic writing of the Mayaa 
would lend us too fur away from our subject. 

I have not attempted to elucidate any new problems or to add to 
din knowledge of the writing of the Mexicans, but to coordinate and 
systematize the various forms and employ them as examples of die 
general development of writing. There is 
found in Mexico, perhaps to a greater 
degree than in any other one place in the 
world, examples of aE the different kinds 
of writing, as wo have seen, starting with a 
preliminary stage of reminders and passing to pure pictures which are 
used simply in their objective sense as pictures, thence to the more 
or leas conventionalized and symbolic pictures or ideographs and 
finally to characters expressing sounds as well as ideas, and the 
beginning of a syfiubary., the first step In the development of a phonetic 
writing, and a step beyond which the NAhuas did nut go. The 
Spanish priests made the last advance toward the goal, the forma¬ 
tion of an alphabet, by selecting a few syllabic characters which 
they used to express the initial sounds. The first credit belongs, 
however, to the and cut ffahudK, who arrived, quite independently, 
at the idea of the possibility of ft phonetic writing, and it is not 
difficult to imagine 21 further df*vehement into a true alphabet bad 
they been left to develop their culture in their own way. 

BrflLIOOEAPHY. 

BoTumsNi acxiDurt, k^rTfiii- 1TM F Idea do oud niaavB lalfCgda (k U AfoMi'q 5*1*2 ms trine*! 

Maddtlr 

ftOWWKB, r-MAltEH r. 19101 TUa hoiniBmagA, WfStm Ell 0&d iklLfMlCimlKI* ImowlBdKB &J Ibfl 

Haytu. ( unlirUli^ 

Custom tiAKua O. IS®, The pIwnpLto BkmwtoW to Hi* p»pflik: vl iha Mujua ami UhsIchoa 

In .Oricrtrtsn AnlJ^n^iua, v&L pp. 3J7-4S?; aim in &uejrv a fan Anwtij^t, pp„ 3 

._jssrt Bf yti 9 Jknnixnnife uvullaoJ oi ptuMwlla writ to*, tn FiwwdtD/3 gf JA« -Umrinrn I 'EtUpsypbfcal 

&xk-ly f vltL n t S<n LO^|ijk DKH511. Itstoji df an Am*ricazik\ r p|>, 2ia*X , J. 


Fro. li"L 
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CLOHI^ £l> VjUil, lBCCp. Tljfl HlGrr Of pJptLlSMU. SkW Vutk r 

FBjtifiiiiXN, Emi. Erifimfrimii mr H ftTnJHHirJschrUt da KfinteJ Ichor GffentlWum BJTnflnthak *Q 

Dfnnto, 

KUj^DPfeoirffBp Lem i 5eciG F E^-ian) h USD- 1*U P AnUqulEto aE McJtoj a Ldte r 0 tids- tosdotA 

Lim, Dune be, lifclp IW4CMH da tsa cosu da Yucatan; Sji&Mih to? w|ih Etw h tr*m,tPiEl(mp pul^ 
fhfird ifjf biaascur BoofttOitfE in Vntii.. T *0 En EHi43l3fi edllto* Of tht* UopgrLrvnt workhfiYC tdaa 

Lai CaJUUi, BilTCJ-Oif* de. VXft, Aptf<ycdtloa HbMjrto ilv laa In dim. < A nrw add oorr^ttotfr friUtatiV 
Mlhbil In ?Tiwv& Jifblbtea U-o Auhvu Erpafloiaa* tgJ. 13 ; ilr Irnliu^ v.J. L <&L 

Saneucr y 6 ue p niHof.) Madrid. 

I.EIMXXX, IVaitee. lEHti, 1^ jKEfiEiLiw Ml*Lfc«-Eiij*>[taiuc h? qucJqtici doccnmti tj nppaiwito, In 
Journal d* b feiid#E6 de* ^rr/Tkatii?^ do IWa fik *.), tii 3, No, & 

LlcJ tAt h Llfiiy, IPIQ, Lio jmdqmids ktofcuta*^- JlilJM Iij Ia SacMEd dm £ Euiks tVli 

Leus, Nl ojLaa. ISOOk A MaMhun catechism in Tfvtun^mrrind fiJwT5*ljphia in America AnEhra- 
jHjiiJgbt (Hl L> h tdL 3 r jip, 72^7101 

Lt : niEMiTJt r ■ xh.l. i«£2 F L’nknowi] Meakdr ? Tflif. Sew York. 

iJjumr, GaaaDCX. 1 vjW-lW®, J 'fcinru wrilinjc of the .Vracrrican tudboL In Borain of An^criorm EEhnoS* 
toth npaHr pp. 5-SE, WuitLlnsMsn. 

UitraiV, AE-TTlo- t, l»5-itffc? r BWn CaiimH.Anirrta, ^nflldcj. 4 n4i. tot, 4 jite 

TjupiAwi- 

Oboscot Heahai UuitHr Is®, Ubiorfca onUpiii v do la conqubln d# Minim, Itid?, 

I'iA.utel, AKTOjijr*. 1 wtiv Stoato* pwitoi di> itofce. i'oiMogo lilfclrfitoi da lot pwlin dfl IdfSiT 
patcnadiaKfti id Idioni-ii ld NalmiH'" MuaJki. 

PlJTlUK* yumnuK W. IbST, Cfl<3™ikiiiah3aii In (UfciiOE A tivrton an- tn BnlUiia of Um E*e*x 
InailtnE!?, mU I&, pp^ 155-lGL 

PL'Tifxu, I'uiitliK W. slid WiuJO'PSiiiflT, C. C. 1W&* SyinlJislisra Ln awSfiot Ajiiyrrletio «rt. In 
of Amuffcan AwOtbilkiH Inf iha AdTflocoirem ol Kc-tcrKr-,. U. 

gVTL LE; W a^fhati. H. IKJl P M« xinifi EM^ikra, A Ibt df orGra? pol'EuealiuriH, In A n Hlteuu Anlhropoi- 
fifiiat in, aj p rtk.a^ 

K^ nriTH AN p*yi_ Jjje6 t Jilfl Mayn-TTaJadsetutri dar Kfiniclk*«i ItLtilkrthrJi In. timadjftfl r In ZidUdnll? 
par EdaiMkcb!. wl I8 h pp. J3HH. 

&ELET-J EDTTian, ioSS l>er iTamaMer &vr mEr-Wnd^ft rittd. def Ifnyi^SlMHlicfcrlftin. In Ztliadilill fCk 
Kdn«ituf^ r ax, pp. l-10 a also in hi* rdlivipd V.'afk*, vof r 1 F pp, 4cC-llb. 

__lsH, 1 ul- i:irlikadl 5 d'ff;p llUileflumilal-hllf^il Alfinndof VDE1 llum^Ciid: A J» rjrr KJMlLtffci'iTiH BKhEpo- 

ihak id BtfiLLn, ulao id lib C'^tkici^^Ofka, vcJ. i. ftp. AhclAh En|dish iridnJaHun En inircad 

[>[ Amtri™r E iti±n.Jojfr r bulJetiu 23 (HAHj, pp. 1IT-53W. 

-Quetial«KHd.K^k|di^ in Ytodan. In Zvitschfliiinf EtfmAfigfr, vcJ. 30 r pp. 33T-U0; nl4 

In hip Li d Vi'orki, vd. L, pp r GG&-7&& 

TcnqmuBi, JUAK 173 a XXI ILhhid iHuaJafl 1 MananiuLa Iniliiitia, c 0 cv -H j (.-ueiJT-M df 5 to 

India OectdanEnlean d« via poldadutM^ ttooobdmimlo^ raqAqulvCa. ronv#n?;on J otras ouod mat&- 
dr Lb. sneama iLrmt. Minlrld. J vl.Jj, i, Tin- flm Di|i!lnn wus ln lfitll 
J. Jr JSSD, Th* lAinda Biphat-!!. :l SjMdjiiFi fill iFtotlfm. In I h fyee«lLn^i of ih-o Apr+erican 
Anliquarian floaty, S l u. 7^ pp. »4L 

ViUBLi* Imp go. S STW, Rhi-orim rIkriiiton* hi L odtk i «i-u«di r-t --inndi T«im iw roiift lt i n F ntniEbqiH EhCid- 
tilto «»mpjlii id* 3wo Ijunifi Li; qijiie qnJtkni, n% IcuEqcnim i?i4un^ di'iiMsni'li uaiiL, libLult^, Jiiutio 
pwl'T dKSJlnam JKU3INLU dfJtowito coinpHtf^L Itnr. iVrtijJiJu 




THE DISCOVERERS OF THE ART OF IRON MANXIFACTUBEj 


hy W. Bem s. 


Abnui three } r ears ago I again brought before our society the 
question as to the ago and origin of the art of ironworfcmg, 1 I can 
now state with satisfaction that the discussion and stud}' of tills prob¬ 
lem has not* as in similar cases* after a sudden burst of enthusiasm, 
well nigh exhausted itself, but it continues, here and elsewhere, to 
engage tho earnest attention of scholars. 

If it he said that by Lida time we should, have reached so me con¬ 
clusions* I may say that in a measure we really iiave arrived at some¬ 
what definite results, due chiefly to the present manner of stating the 
problem, and to a restriction and limitation of the question, which I 
claim as my mod eat contribution in the treatment of the subject. 

In the course of my studies, untrammeled by methods and aims of 
other investigators, and constantly guided by entirely different view¬ 
points, I was soon convinced that there wm a very long interval 
between what may be called the accidental and the intentional pro¬ 
duction of iron implements, an interval that probably covered many 
milleninnis. Tho question as to when prehistoric man first held in 
his hand an iron object made by himself i£ very interesting to us all, 
tho more so because of the apparent impossjbiliLy of finding a satis¬ 
factory answer. But this question as to incident fl iron working ia 
unimportant beside the query as to whom we are indebted for the 
intentional production of iron, Its manufacture, and for the industry 
thus made possible. In a word, who gave this industrial art to an¬ 
cient and modern civilization, when and where w r os it first practiced t 
And since the superiority of iron over all other metals known to tho 
ancients is not at all baaed upon the qualit ies of wrought iron, which 
because of its softness mid pliability is for many uses considerably 
inferior to the hard bronze of antiquity, but b flue mainly to tho 
excellent qualities of hardened steel, the question ns to who we re the 
originators, the lime and place, of the first manufactures of steel, 
becomes of preponderating interest to the historians of civilisation.- 

p TraouEfttc-i l >y permireUHJ frooa m Otram W. Belch. pj* Effledtr >i tr ElsrmtfcfruJV in ZdmfcrHt 
inaT»lorK voL 12, HAD, fart I T pp . lt-30. Of-rlfri r Kdamul rt Co., 1M0. 
t £* ilasSu-, EiimoL, 1SQ7 P pp. 33W4. Compart ibo Zvltucbr. EUhi 4., IftM. FP- wad 211 - 2 :^, 
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It will not bp amiss to glance first at the results of the discussion 
anti researches of schol&iB during the last three yearn* First of all l 
as to the age and origin of aleehnakhig, the most important stage 
in the history of the working of iron—it h unfortunate that nobody 
lias attempted to solve Lids difficult problem. And, indeed, our 
sources here fad us completely, for the process of making and working 
fine steel was guarded by ihe ancients as a moat profound secret 
known only to members of the same sect. The evil repute in which 
ironworkers were held by some peoples—apparently also by the 
earliest uf the Israelites—mueL certainly in not a small measure be 
connected with the superstition of their neighbors, who ascribed 
skill in the making of fine steel weapons to the aid of evil spirits and 
demons. And it is self-evident that the masters of ilua art, the pros¬ 
perous sword-cutlers of tho time, would not themselves divulge, much 
I csss write, upon the secrets of their trade. On the contrary, it was 
in their interest to foster popular belief in the supernatural origin of 
their workman ship* and Lhtis to put a stop to all inquiry as to the 
real methods of their trade. The steel makers and workers were 
therefore looked upon either as artists by the grace of God 3 or as 
malignant sorcerers and wizards, and were treated accordingly. In 
either case the result was Lite same, the ineLliods of steelworkers re¬ 
mained the secret of the sect and was under no condition betrayed. 
Wo can thus understand why such a burned man as Pliny could offer 
no definite data on the history of the steel industry, although he was 
well acquainted with the makers of line steel. 

The oldest written direct information now known on the employ¬ 
ment and working of steel is the Biblical ptissage In I Samuel xllh 
1G-22. 

Now theno was no eraith found throughout ah the l&nrf of Israel: for the Philistlnce 
Fsaid, the Hebrews make tliEan iswrmhi or iipeanf: Rut id! the UmHitoa wont down 
to ilit- Phltbtiiiea, to sharpen onrv nutn bla sbnrt, and hia ootdfer T ^Jbr| his aio, and hia 
niiUijuk Yet they had a. Dio for the mattocki*, and for tho coulter?*, and for tho forka, 
anij for the an?fl, end to tharpoCL the So it came to pile* in the day of battle, 

that there woa neither sword rmr BjHttr Found icq the Itaut of any of the people that were 
with Saul and J onathan : but with JSaul and Jonathan hit fioii was there fotmd. 

The impletnentg mentioned ftbovo, according to my conception, can 
not possibly mean anything other than those of steel. And so also 
very probably in the following Biblical passciges m Joshua xvij 5 
16 and IS, by “chariots of Iron 11 we should understand 11 chariots of 
steel:" 

And the children of Joseph s»fd r The hfll b not enough for ujs and &U the Caimamto* 
(hit dwell in the land of the valley have chariots of iron, lK>(h they who are of Beth- 
ahean and her town** and they who *rc of the volley of Jewel. 

Rat the mniip tHiiii wha.II be thine; for it i.-»a wood, juid thou ahull rut It down: and the 
du anjin.!^ of it nhall be thine; for thou rdi jlI t drive trut the t Hiuumitcfl, though they have 
Jmu diuriot*, wnd thau^b they be strung. 
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Atul in Judges i, 10, and iv, 3: 

And th^ Lord wba with Judah; and ho drove out tho itthjibilAnte of thfl urouutain i 
hut could not drive out the inhabitants of lhe viUty, bot?£iuse they hud cluriote of 
iron. 

And tiro * hildron of Isnu^l cried unto tho l^ott! : (of he M nine bundled ctnriofa of 
iron; and twenty yean he mightily epprgawd the children of howl. 

It affords mo satisfaction to state that investigators generally have 
tacitly adopted my interpretation of these passages. 

But it should also be pointed out that there is hardly any prospect 
that older written cadence will be discovered, for the peoples who 
have left ample written monument older than those of the Hebrew, 
the Afisyro-Babylonians and the Egyptians, are not to be considered 
in our problem. The former! because without question they became 
acquainted with iron at a much later period;[ the latter, because— 
even assuming that they bad known wrought iron in earlier times— 
they never employed steel But even if we must confine ourselves to 
Biblical passages and to accounts of the conquest of Palestine by the 
invading ITabiri (Hebrews) hordes as resting on good tradition and 
therefore reliable, we obtain quite an early date, about the thirteenth 
pre-Christian century, for the first mention of steel At the same 
lime it should be borne in mind that we must postulate for that period 
a quite well advanced Workmanship, so that the iron&mitbs were able 
to turn out scythes uf least 3 meter long and correspondingly wide 
for the scythe chariots. It is self-evident that the maldng of such 
steel scythes was attempted only after long practice in making 
swords, daggers, arrows, and other weapons of steel If these steel 
scythes were fixed to the axles and poles of war chariots, it may be 
assumed that in lime of pence they were used for purpose uf agricul¬ 
ture* In short, the reference to the scythe chariots of the Canamiltes 
introduces us at once into a period of a highly developed steel indus¬ 
try* In the face of this undeniable fact. it. appears the mom Strange 
and incemprehenaihle that the Egyptians m well as the Assyra- 
Babylonians* m also the Ilittlte* and all the other great nations of 
western A_da, had no knowledge whatever of this steel industry which 
certainly must then have been several hundred years old. For even 
if the ancient armorers most carefully guarded and practiced their 
art as a secret, they could hardly have prevented its products from 
becoming generally known and used by neighboring nations. Tim 
condition can be accounted for only by assuming tlmt tho actual 
development of the si eel industry, which must have required many 
yearn, did not take place in Palestine blit elsewhere, and that it was 
introduced into Palatine shortly before the immigration of the 
Israelites. These data fully accord with our knowledge of the Phil¬ 
istines, who are assumed by scholars generally to have immigrated 
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to Palestine at a comparatively In to date; some even claim that they 
came later than the Jews. 1 

If it is ossumed that the weakening of the Egyptian supremacy in 
Syria anti C atmun, in consequence of the repeated wars with die great 
Hitlito kings, was taken advantage of by the island Philistines for 
carrying out their invasion and the establishment of the five Philis¬ 
tine principalities, and that some five decades later the influx of the 
IsraelitLsh hordes followed, it may be dearly explained that in the 
meantime the products of the Philistine iron and steel industry were 
introduced and spread among their nearest neighbors, the Canaanites. 
The Israelites would therefore have learned to know, to admire, and 
to fear their weapons, while at the same time the more distant peo¬ 
ples, such os tho Babylonians and Assyrians and the Egyptians, who 
carried on scarcely any foreign trade, must have remained in 
ignorance of them. 

Sober and intelligent research in this subject will certainly result in 
revealing many a grain of truth in the debris of the miileniums, and 
some important facts may even now be pointed out. Since the 
effectiveness of the' scythe chariot, so much employed in ancient 
wars, depended upon tho continued keenness of the blades, which 
Could hardly bo attained in bronze scythes, it seems to me scarcely 
subject to doubt that tho inventors and propagators of the steel 
industry in Palestine were also tho inventors and earliest constructors 
of tho scythe chariot. The possession and employment of such 
deadly chariots must have materially aided the invading Philistines 
in the conquest of tho coast laud, for the Jews could hardly have been 
tho only ones to ho horrors! rirkeu by these terriblo slaughtering 
machines, so that, as they themselves often admit, they did not even 
venture into the valleys occupied by the Philistines, where alone could 
these scythe chariots bo used to advantage. Among tho Egyptian 
troops similar fear must have prevailed. Wo may therefore conclude 
that the Philistines at the period of the invasion of Palestine, rn the 
thirteenth or fourteenth centuries B. €-, introduced there a steel 
industry whose higher development must also have gone on for sev¬ 
eral centuries in their former settlements, probably on the island of 
Crete. On this assumption the be ginning* of the steel industry 
would reach back into the first half of the second pre-Christian 
nnUenhim, or to tho period from 1S0G to 1000 B. C. Moreover, it 
may be implied [from this that the beginnings of the manufacture .1 
wmught-imn objects among tho Philistines must at least ho set j n 
tho second half of tho third millcnium B. C.; that b, that the 
working of iron wa* developed among the Philistine* during n period 
considerably earlier than hitherto we have been inclined to assume. 


I Thu* M. Muclfcf p Aau?0 iJid E unrpn r p. SM. Irti tbi^L JicinngriH M latt om fcbuut I30u U. C d ptuch 1* 
bcFwrrcr, prebftbljr by 3UQ |e HU jtufa Im lev. 
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Mv propositions on the history of the wrought-iron industry 1 os 
fur us the several peoples arc considered, have in part received prompt 
and unconditional assent, and in part they have been disputed* 

In this wav a welcome clearing of the disputed points was effected 
which will materially facilitate further mvestigatioin 

The Assymlogistfl admitted that only the very late Assyrian and 
Babylonian inscribed monuments mention iron* and also that in tho 
excavations iron objects make their appearance at a comparatively 
late period (ninth to eighth century B. CV) + Assyria and Babylonia* 
and with them the entire jVssyro-Babylonian culture sphere (espe¬ 
cially also Elam)* are thus definitely eliminated from the circle of 
peoples who might bo considered as inventors of the working of iron. 

As regards the Jews, there was at first some opposition. Not that 
they were suspected to have been inventory of iron working, but 
rather as concerns the age and source of their knowledge of iron, 
which there was a strong inclination to derive from their sojourn in 
Egypt. Heretofore I could produce only indirect proofs in support 
of my views that it was in Canaan that the Jews first learned of iron r 
and the fact that this metal is not mentioned during their wandering 
in the wilderness, or even In the detailed description of the construc¬ 
tion of the Tabernacle. In tho meantime I came across a Biblical 
pELssago whirh seems to be direct corroboration of my views, namely, 
in Joshua vi s 19-24: 

But all [lift fiilver, am! and web of bf«s and iron, om consecrated unto the 
Lord: they nludl muig uiilo ihe treasury of the Lord. &o lire people shunted when 
tho priests blew with, tbe Efum]K!in: and it cwne tn pa®, w]icn the bi*airl the 

ftotmd of Lho InitnpdE , and the people shouted wish & slimit, Sluvt Lbo wal] f$U 
down Has , rn that the people woni up into tho oily, ovary man straight before bha, 
and they toot the city. And they utterly destroyed all Hint was in the thy. both 
nuni and woman, young and old, and ok. and nheep, sad ons r with the of the 
sword. But Joshua bast said unto the two men that hud tpied out the country. Go 
into the h!ir!oi"s house* and bring out thence the woman, and all tiutehe hath, as ye 
swore unto her* And the young men that were spies went in, and brought out Balub, 
and her father, and bet mother, and her brethren* and all that she had: and they 
brought out all her UiuiEn.-l and left them without the camp of FsrujI, And they 
burnt (he city with fite* and all that was therein: only the silver, and ihe fold, and 
the vessels of louse and of iron, they put into die treasury of the house of the Lord* 

Joshua kero gives his commands to tho Jews, how they should, 
after the conquest of Jericho, deal with the peoples and dispose of the 
captured booty: All living beluga* except the family of Rahul), should 
he killed; all the silver and gold, together with, tho brass and iron 
vessels* should be Appropriated to the treasury of the Lord in the 
Tabernacle- Tlds last ordinance is, according to verse 24, punc¬ 
tually curried ant* Now, the ordinance with regard to the gold and 
Hilver objects k easily understood, in a measure also that fur the 
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valuable bron*o vessel. But what would the Tabernacle and the 
Tem v h treasmydo> with iron reads if they wore in general use and 
therefore to bo had m large quantities and at a small price? No- 
Lh* regulation mode by Joshua * intelligible only if we assume that 

V mt tll , n , e iron WflS ^ the sometfling rare and precious which 

they would consecrate along with the other valuable things to the 
lempic treasury. Likewise tho passage in Joshua xxii, S, in which 
Joshua says to the two tribes end a half, who were returning to 
Bnshnn and Gilead: ' 

with land. richw unto jmr ten*. and with very much (aula, with rife* 
and With gotd, and with bra*, and with iron. and with very much udment: 

denrly proves iluit iron objects were then classed as valuable booty 

5oO y”um hter° **** ** AflajFr ‘ ans ™ 800 B ’ 0 -l that is, about 

If this vie w, that non and iron vessels were then both by the Jem* 
^probably also by peoples living still farther away from tho 
Fhihstiiies considered os something rare and costly, the followin'- 

™ htlon <)f *?. betetcul of King Og of Bush on, contained in 
I eutcronomy iu H II, presents an entirely different aspect; 

Fw.caly Og king of Baaban nsmiiined of the- remnant of tho plant*; babold hi* 

il ™ t in R "' hbal!| ^ dSL .KSw 

of ^man 010 CQe ^ “■* four mhilB tho bn«dth of it, after the cubit 

It has been recently assumed that it was not a real bedstead, but 
a sarcophagus of basalt J which may also have appeared to the Jews 
:is snmaliug unusual, Whether, even so, the Jews, who devote 
t-cjirecly a word to the coffins, tombs, and Interments of their own 
kinga, even the moat famous and favored ones, would consider it 
worth mentioning in their sacred writings, seems to me very ques- 
^ Beudffl, It lias been entirely overlooked that this iron 
bedstead was still at a much Inter time preserved and shown as a 
cuno^fy (compare Deuteronomy hi, n), though not, as would be 
expected, m Barium, but m It abbsth-Ammon-that is, among a 
people hostile to the Jews. Thm fact is difficult to understand if it 
wo rn a sarcophagus, which with its enormous weight could not like 
some piece of war booty, be Carried from one place to another. 

. ,m t!l ° otil,: ‘ r ]lanti J ** remembered that according to the 
Assyrian cuneiform accounts couches of stale of pura gold for i| 

prrno® of that time were v«y common, it can be easily understood 
on 1 he assumption that at the time of tho Lwaditish inviisioii in p a ] c ^ 
uno iron waa a rare and costly article, that a rich prince had himself 
for the sake of variety, made a bedstead of the costly iron. And thro* 
will bo nothing strange that the Je ws in the account of their victory 

1 C^mponi Btfluckefilumi. ZdUrtm i9fl? p ^ ^ " — 
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especially mention such an ertrevagMitly 6*p mmv$ object, or that 
tins valuable end easily transportable artic le was carried away by a 
host of the Ammonites who sometime afterwards may have invaded 
Easlian (compare Judges m, IS, where won after Joshua's death— 
that ia, at a time when iron could certainly not leave become much 
cheaper—there is given an account of a victorious campaign of the 
Ammonites Am delates, and Moabites against the trans-Jordan Jews). 

So much us to the relation of the Jews to our problem. 

Serious objections, though there was also partial flgiwment, were 
mftdo to my statements relating to the Egyptians, Tltis is not 
strange concerning a people like the Egyptians, about whom opinions 
are *n divided, While some investigator allow to the Egyptians a 
knowledge of iron only since about the fifteenth century B. tand a 
mere extensive employment of the metal only since the beginning of 
the Ptolemaic period, denying them any independence in iron manu¬ 
facture in the pro-Ptolemaic period, as also the quarrying of iron ores 
or iron casting, others hold almost an en tirely opposite view, supported 
by t he sporadic finds of iron m the pyramids and tempi o ruins on 
supposedly untouched sites, These investigators speak of the Egyp¬ 
tians’ knowledge of iron metal during the fourth or even earlier 
dynasties, and less cautious scholars have claimed these pretended 
hoary finds as proof not. only that the Egyptians knew the value of 
iron, but us evidence of a vent able iron industry in those Very ancient 
times* 

However, this last bold assertion, supported by Herr BJanckenhom 
and others, has found few adherents. 

There seems to be no real evidence of the existence of a very rmclont. 
irt]i] industry among the Egyptians, but on the contrary all circutn- 
st&nces pronounce against it. Serious investigators, such as von 
Luschon, Qfehausen, and others, are therefore content to emphasize 
tbo importance of those very ancient iron finds, whose genubem^ 
and ago they energetically defend against skeptics, and to merely call 
attention to the frequent representation of iron objects on old Egyp¬ 
tian murid paintings, in which the blue-colored objects are assumed to 
be made of iron. From these observations they conclude not that 
there existed it native iron industry among Egyptians, hut that it 
indicates an intermediary rflle in the spread of inetallurgio knowledge 
of iron among other peoples. In the latter class von Luschan partic¬ 
ularly includes ilia Negroes 1 settled in the south of Egypt, and 
recounts many, at first sight, seemingly plausible, circumstances to 
show that tlic iron industry of Europe had its origin among those 
Negro peoples, from whom it spread to other peoples through the 
medium of the Egyptians. 

I Cranium ZeUaE&T' FUtftuJ., IOT7. pp» WM81: M5 ' 1 n™»0** PP« z2 ^ 
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on Lusehan thus docs nut consider that dm Egyptians themselves 
wots the inventors of iron working, but rather attributes to ilirm a 
secondary rfile, and m so for I agree with Jiitn as against that group 
of scholars who. notwithstanding all die proofs brought forth, still 
maintain that the origin of the iron industry is to besought in Egypt. 

If von Luschan’s now be cumwt, tbe following conditions must first 
of all be fulfilled: 

1. There must be proof of tho existence of An iron industry among 
the Negroes in the very ancient period assumed by vuit Luschun. 

2. It must bo proven that ironworking was in very ancient time 
imported from the Negro territories into Egypt, and there practically 
employed. 

3. It must be pro von that, and the manner how, t lie industry spread 
from Egypt to Asia and Europe. 

As to the first, proposition, Schweinfurth, like von Lusehan, also 
considers the iron industry of the Negro peoples us native (not 
imported 1 and of probably considerable antiquity, although he hardly 
seotns to bo inclined witli von Lusehan to ascribe to it an ago of from 
4,000 to 5,000 years or even more. ’Son Lusehan off on* no proof for 
such a high antiquity of that industry among the Negroes, and we 
may concede to him that on tills quest ton conclusive proofs can 
scarcely be expoetod. \ on Lusdum therefore tries verisimilar proof, 
pointing out: 

On tliw old Egyptian muni paintings an? often twin rkrfc people pneealiiig to the 
Pliurjoh bluo., olt,md obifi’tn {w.-j, 5iou\ knjv(v, etc,}. I a^titoe with niuv otlier 
invamgaiofB that the dirk people tvpm-ani Negm-., mud the blue-colored weapons 
me Lruo ones, hence the Xegtoea were then in puHtseadon ol mi iron industry 

lhL method of proof Involves soino serious errors;.for, on tho one 
hand, it aasumes two promisee which are by no means generally 
conewiisi, anti on the other hand, tho derived conclusion is falsa, 

{«) There is thos fur no proof that tho dork people represented 
Negroes, African Negrons, and if ouesliould wish to recognize them as 
ll.o likewise dark inhabitants of ike Arabian west coast and of part 
of the Si 11 aitic peninsula, he could scarcely be convinced of lining 
wrong. TA e may call to rniud tbe trudithin of the ancients (compane 
Herodotus i, 1. And vii, SO), according to which tho Punt-Pfinums- 
Phonieians hud, previous to their immigration into Pheoieia, livid at 
the Red Sea. and they received their name from the dark-reddish 
color of their skin, hi my opinion we have in the relation by Herodo¬ 
tus an historic account of great importance which, very agreeably 
is supported and corroborated by Biblical data, for this same state¬ 
ment is indirectly but distinctly made. I refer, in tho first place, to 
I Kings ix. 26-28, where it roods: 

An.l Kirk Solomon mail.; a navy of diip* in Ezion^bcr, vhicb 1 b beside Elnth on 
tho s-liure of iJae Ited Sea p in ibv laud yf Edcm* And Hi mm fent^ n 
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s&rvani*,. tbipmen that had kuffwtadfp of 1 ho wit, with iho servants of Solomon, And 
tht?y ^anie to Ophlr, and fotokad from thence Held* four hundred and! twenty Talents 
and brought it to king Salomon. 

This Jewish-Phenician sea voyage is also mentioned m I Kings 

x, 11: 

And the navy nl*j of Hitam, that brought gold from Ophir r brought in from Ophii 
gnTikt plenty of of mug ima, and predatis atoncNs, 

Further, ib,, verso 22: 

For the King hud at bri a navy of Thfluhbh with the navy of Hiram: once in three 
yeans camu the navy of Thanhuh, bringing gold, and iflver^ Ivory, and apt*, and pea¬ 
cocks. 

The same is read in II Chronicles ix, 21: 

For the king's ships wont to Tarshish with tho servant of Hiram: every throe yoore 
once cime the ships of T&rdiiih bringing gold, and diver, ivory p and apes, and peacocks. 

In full ngreejuent with ilm Josephus relates in his Jewish Antiqui¬ 
ties viilr ft, (4: 

Then the King (Solomon) had built hiniM-tf many ships in the Egyptian bay, In a 
place called GwSoUgaM, situated on The Rod Sea, not far tram ihs city of Adana, 
which is now called Berenice, For diia entire region at that time belonged to ihe 
Jews. For the construction of this navy, too, he received abundant support from the 
liberality of Hiram, King of the Tyrians For TJiraln rent him n number of steers- 
mates and experienced eoamun. Solomon ordered them T together with hh own 
(jtOrlaLr, to Kail la Sopbira in India, the proven! w-caUed "old knd T und to bring him 
jL^ald from there. They gathered about four hundred lalenu of it and then returned 
hurnc to the King. 1 

Hit? statement in these Accounts that Solomon’s people bud built 
the ships at Eziongober C*=GiisioiigabeI) improbable, for whence 
could the inland Jews have acquired the professional knowledge and 
skill neeessnrr for such work ? Had they really attempted to build 
ships on their own initiative, they would have had the same experi¬ 
ence ns that of Jehoshaphat p lying of Judah, later on, of whom it is 
related in H Ghrouides xx? 35-37: 

Aod after ibis did Jchoihaphut king of Judith join hi nine If with Aharfah king of 
Ismcl, who did vary wickedly: And he joined lumAolf wfrb hun to make ship* to go 
to Tbrshlfl.h: and they made the ship* in EziangabciF. Thoa Elk^t r the son of Bod*- 
vah of Mut^hah prophesied agaiiat JehiMhaphatp saying, Boomne thou hast joined 

■ Id modptIwii wliti iTib hhtecb*lty w> bupgrtuit aoMoni 1 wbh to maka rbn tallowing nm «\tkx 
L Jo^phm ™ rnruiafy ID paStisa to Mlabliih without 4lffl^tr or uneenaln!: j whan? th^ hud of 
Ophir or SafJitm, ww ircated. In Ihs lam i4 hh d»*ar staiemmU Ihai It wbq In-ii* II nnnilqf loocqnjjiw- 
btdHlbl» itat Ophi: wm ever Mfkiakty ho^e fur in A Irka on ihi- Zamti- d. o phlr U ate flnrqtjffrwd; In 
llwpiDOBitocical iihh ol OflDii^ tx. « n doeftinda^ thi\ feinll* Julian: ud Ja^phita, J*wUh Antique 

Hefl p t, A, ft, mibi Optalns, m ha c»Qa Mm, f^pekf with unbar the Indian 

Eivrq- Kn{»hw and In A risar. 

2. 1 wt fl« baik-^i in, 1^1 mppx&} w voluntafy 11 «I4 ilvafl, bf Uinta of Tyre Id ff&ldmfln (.tuu) JtinrwJn 
Lo EHirfd): prcbaWy Tyr*i n± thfi Tim* of Dai 14 mv\ .■fcjkiroon. i-tgod to tbo rior^ nr i fknrbMji* J^Lih 
•tal* in ■ relation of imenintf dmllur tn thmi ol OomMciu and Hunath. 

A, Tlio liaUt qj hatua^L- [Mid by the nf to pdI-jjiwd m-ohi ta luLfM btvq a dlrort rotate, not» 
mii*h qf that ftrt thftt /awfcb rok in OAirt J J J i t|ta^ rstanded io the of the n^i but mt^r of ihn 
Jowteb- T‘heni ftiiui eoa I'vkjnfn on U» Roil Sen to Ophir elbnc The AtnOMn dwL 
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thyself with Aimziah, the Lard hath broken thy work.-. And the atripa vrerc broken, 
tha± i hey were not ablo to £D to Tfli»hi4i- 

And similarly we read in I Kings xxii, 4S, 40: 

Jchodhuphat made stupe of Tharshv'li to go to Ophir for geld; but they went not; 
for the shipe wn> broken at Ezloageber. Then said Ahasiah tile »n of Ahab unto 
Jehoshaphoi, Ltst my servants with thy Mrvwita in tiro ships. But Jelgoduphai 
would aoL 

Thf Bible is silent about the cause of die failure of lliis first niitl 
only attempt of the Jews at independent seafaring, but it is found in 
Josephus, Jewish Antiquities, ix, 1, j4: 

Ho (JehcMhaphat) alii® kept friendship with A hah'a wn (Ahazutb}. King the 
bituiluee, and entered into an agreement with him to equip ships which should wui 
to the Pontus oad the trading places uf Throe*. But as the vessels were too big and 
therefore perished, ha gave up building ether ships. 

Here it is unmistakably stated that the Jews indeed made on 
attempt at independent shipbuilding, without the assistance of the 
Phonic ians, but—as would naturally be expected—made n complete 
failure of it. 

Another apparently improbable statement to the Biblical account 
about Solomon is that his people carded on seafaring independently. 
Here, too, Josephus doubtless gives the correct statement when he 
writes that Solomon sent along his own official* with the Tyrian sea¬ 
men to Ophir. obviously chiefly as superintendents of the entire 
rather costly undertaking. For it is evident that the building of 
ships at Eriongeber must hove been very expensive on account of 
the necessity of transporting the requisite timber from the Lebanon 
to the Red Sea. 

Considering these several definite accounts, there cun be no doubt 
I ha! Solomon’s officials fund really undertaken, on ships built at the 
Red Sea with the aid of Tyrian craftsmen and manned with Tvrian 
sailers, one or more for that time very important sea voyages of three 
years'duration to Ophir India. How cans,* the Tyrian seafarers to 
undertake such a distant and perilous voyage to an unknown gold 
land, from which they were separated not. only by many thousands 
of miles of sea but also by a broad tract nf land t There is no sug¬ 
gestion that i lie ships had been Mint out haphazard to un unknown 
goal, hut, on the contrary, os unhealing the difficulties of such a 
voyage, it is stated that it consumed three years, probably the normal 
duration of such a trip. We mny therefore conclude that this sea 
route was no tiling new to the Fhenieians, but BometJttog they had long 
known. lint it is absurd to assume that the Fhonicians inhabiting 
the Syrian coast had reached the Red Sea overland before the times 
of David and Solomon, and there at random hail built ships with 
timber brought along by them, and that they set out at haphazard 
and accidentally discovered India. The statement of Herodotus that 
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die Fhenielans Lad previously been Hottkd at the HocI Sea will have 
to be given credence; for in this las* an extensive &ea voyage along 
die Arabian const-, and on such tui occasion a chance discerray of 
India by them, would be nothing strange. And even alter the sub¬ 
sequent partial migration northward into Syria the enterprising 
Tyrian merchants would equip expeditions to the Sinaitie peninsula 
and thence, in common with the members of their tribe who remained 
behind, would barter with India. And the Jews, m long as their 
kingdom extended in the south only to Boer-Shebu, could baldly have 
had any knowledge of ilds Tyrian commerce, This condition changed 
whan David routed the Edomites in the battle of the valley of salt, 
killing 18,000 men (II Samuel, viii, 13, 14; I Chronicles, rriii, 12 P IS; 
Psalms, lx, 2, 10, 11; compare also Josephus, Jewish Antiquities, vii, 
5, § 4), subjecting entire Edom, in which he placed garrisons, and 
imposing ground taxes and poll taxes. In consequence of this not 
only did access to the Mediterranean Sea r or the caravan route from 
Ekth. but also the harbor of Elath, fall into the hands of the Jewish 
King, without whose permission the Tyrian merchants could not 
undertake their trading voyages to Ophtr Obviously they had to 
pay some toll to the now sovereign, which, besides gold, must have 
consisted in merchandise which they brought back from India and 
Arabia, Tf our deduction that theFhenkhnnscontinued their voyages 
to Qpldr before their immigration to the Syrian coast as well m after 
k currtHitp then it stands to reason dial this was also the case under 
David's long reign, to whom they would, after the conquest of Edom, 
pay tribute in gold and other valuables. And* as a matter of fact, 
the Bible tells of Ophir gold In the treasury of David, for in I Chfioni- 
cles, xxix r 4 r there arc, among other valuables consecrated by David 
for tho building of the temple, also enumerated -\%ntio talents of gold 
from GphlrJ' 

According to Herodotus, is. 44, the Phonic ians came to Tyre, or 
founded this city, 2,300 years before his time—that is, about 2800 
B. C.—so that the continuous seafaring of tho Phanidnns from the 
west const of Arabia to Ophir-India may thus bo followed back to at 
least 3000 B. C* At the same time it may be assumed with great 
probability that they sailed not only along tho Arabian coast but also 
that of Africa southward (at least by way of trial), and thus were, in 
comparatively high antiquity, also acquainted with the east coast 
of African Wo have thus in our investigations as to the ago of iron¬ 
working gained two Important data cm the seafaring customs of tho 
ancients. 

Assuming, for instance, that the Fhemrims had, as early as the 
fourth pro-Cltrktinn milkmhim. either themselves manufactured iron 
or imported the industry into the Sin untie peninsula from southern 
Arabia or from Crete, thou tho dark men with the supposed iron 
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W(?ii|Hma appearing beforethePharaoh ,as represented on theEgyptian 
mural paintings, could muddy have com* from the eastern shore of the 
Ked Sea—that is, have been Phonic inns; von Luschon's hypothesis 
would thus loao uuo of its main supports. 

The assertion that the dark people carrying blue-colored objects 
were Negroes may thus perch aim u be right, but not necessarily so. 

(A} Mia sumo is |,ho case os regards the assertion dial the blue- 
painted objects Can only be iron ones, for eminent scholars, among 
whom 1 may again mention Schweinfurth, absolutely deny that blue 
designates iron exclusively. Schweinfurth, who points to the blue- 
painted boards of men, * 1 thinks, with Muspuro, that blue may also 
designate gray/ anti when it is recalled that arsenical bronze, which 
because of its hardness was much used in high antiquity, is of a 
pronounced gray color, thorn is no reason why those blue-colored 
objects presented by the dork men may not have bean made of arsen¬ 
ical bronze. This assertion, therefore, lacks conclusive proof. 

(c) Even if the assumptions under (a) and (i>) were admitted, 
the conclusion that the dark men (Xegroesj carrying the blue, or 
supposedly iron, objects must also be the makers of these utensils is 
unwarranted. Such may bo the case, but it is not necessarily so. 
It would be about the same as if one should assert that the Plienicians, 
who presented to the Pharaoh gold ornaments obtained by them In 
India, had themselves produced the gold and worked it into orna¬ 
ments. 


From the preceding it clearly follows that from our present knowl¬ 
edge the oJd-TSgvpliun mural paintings should not be adduced as 
proof of a very early iron industry developed by the African Negroes. 

I do not, however, mean to deny an early native iron industry 
among the Negroes, but to express my astonishment that these 
peoples could have remained < hrough many milleniums with that 
industry in its moat primitive stage, while’ all other peoples liave 
advanced and dovelnjjed the art to a higher degree of perfection. 

Thus the Cm proof required from von Luschan, namely, that iron 
Working existed in high antiquity among the Negro peoples, may be 
considered os not having been furnished by him. As to the second 
proposition, that the assumed ancient Iron industry of the Negroes 
was in high antiquity imported into Egypt, the evidence can not be 
considered as adequate and conclusive. But even von Luschan him¬ 
self docs not maintain, much less try to.prove, that this supposed 
imported industry from the Negro lands was in any way practical It 
exploited in ancient Egypt, so Llial (here were old-Egyptian black- 
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smiths tind locksniiths, armorers, etc, s He merely maintains that 
the ancient Egyptian* had a knowledge of iron. p 

And here wo Como nt last to the core of the whole discussion. It 
is entirely unimportant in the development of the iron industry 
among the peoples of undent civilizations, whether the Egyptians had 
occasionally or often doc®, nr even sometimes used an iron inst mment. 
The main question is rather, whether they knew how to manufacture 
iron objects and actually spread this knowledge in a practical mama r 
among other peoples. For a knowledge which one neither himself 
practically employ, nor communicates to other people for practical 
uec, but rather keeps "under a bushel," is of no value In theoultiiFul 
development of mankind. And this would be the case with the 
ancient Egyptians if they really had obtained a knowledge of iron- 
working from their southern Negro neighbors for it has not yet been 
proven, and is strongly disputed by Sdiwemfurth and others, t hat there 
were early Egyptian iron makers and worker*. And that they did 
not communicate to other peoples a knowledge of iron working, which 
is falsely ascribed to them, can be shown by two instances. On the 
one lmud s the Jews bring no knowledge of iron from Egypt, nor do 
they' designate the Egyptians as the masters and inventors of bronze- 
work and ironwork, but rather the Caoaanito TllbaWain (GmuU h% 
22). On the other hand, the Greeks, likewise, who gratefully enumer¬ 
ate the benefit# the Egyptians have bestowed on mankind and them* 
selves, arc absolutely silent about the Egyptians aa propagators of a 
knowledge of iron working and rather name the Cretans as the oldest 
iron manufacturers and mechanics. 

Thus it is stall that nil the asserted proofs as to the mediatorship 
of the Egyptians in the spread of a knowledge of the iron industry 
fail when put to the test of a keen scrutiny. In the face of this main 
result of our investigation it is of little importance, whether or not 
the Egyptians in hoary antiquity came across tin iron object which 
was the product of a chance manufacture. The question raised by 
me was as to the actual "Inventors of imnworking," and the isolated 
appearance of such iron objects as owe their existence to a chance 
production, are not to be considered. Ironworking begins with the 
purposeful manufacture of articles of iron, whose invent ore wo endeavor 
to discover, ft would be very encouraging if other investigators 
would follow up the traces pointing to Crete, as indicated by me— 
especially by careful excavations^-which hi the meantime Imre been 
most auspiciously corroborated by the traditions of the Greeks and 
Romani 

Let us consider the Hindus a moment longer. 


* Sr^rr’Lis!: i; Lb„ kvflYK, twj eDcis&Ual^j dbputu* riuda an hypottaeola: comp/,ii[*-hr. 3; thaaL, 
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Blanckcuhom maintained (Zdtsdir. EthnoL., 1907, p. 36S) that 
iron was generally known in Ml at least as early us 1500 B. C., 
but he was unable to produce proofs for this assertion, and as little 
was G. Oppert able conclusively to prove that it was known as early 
as 1000 B. C. 1 It was merely a conviction of Oppert which he could 
argue with probable reasons, but not support with positive proofs. 
Hence I would emphasize the statement that iron finds made in 
titrate of old East Indie ruins of the tenth to fifteenth pre-Christian 
centuries do not justify the'conclusion that titers existed a ustive 
iron industry among the Hindus. Such objects only prove that tire 
ancient Hindus were acquainted with iron utensils, but not that they 
actually made them. iVe have few accounts of the use of iron by 
the Hindus, and these scarcely favor the assumption of a native iron 
industry, but rather suggest that the Hindu iron utensils of the tenth 
to fifteenth centuries B. C. were foreign importations, and the 
Phenkians will probably have to bo considered as the importers of 
such iron manufacE ur>-:-. For in my opinion il has been proven above 
that thcPheniciana at least as early os 3000 B.C* had regular com¬ 
mercial relations with India which they carried on, from Eloth-Adana 
on the Rod Sea. If, then, at the jieiiod 1300 B. C., iron and steel 
utensils were practically unknown to the Hindus, as may well be 
assumed, while among the Fhcniciuns they were objects of common 
barter, it seems natural tbit the latter carried such articles to India 
to use for barter. It is therefore not only not impossible but very 
probable that in excavations in India, especially on the sites of har¬ 
bors, such srdnted imported Phenician iron and steel articles will be 
found. 

As regards an iron industry among the Chinese, I have thus far 
not come across any views of sinologues on our problem. This indif¬ 
ference of the students uf Chinese history is regrettable for the prog¬ 
ress of this investigation, the more so since Chinn is probably to be 
looked upon as a second independent source of a native iron industry 
and so also of independent inventors of iron implements. 

Such contributions as anthropologists, ethnologists, historians, and 
naturalists could make to the elucidation of our problem have to a 
great extent been presented, but as to the cooperation of philologiaiw, 
there is much left to be desired from them. A great desideratum is 
an examination of the cuneiform texts for the first mention of iron, 
and uf possibly still greater importance is a study of the Egyptian 
inscribed monuments for Lhe same purpose. On the other hand 
comparative philology could in many cases indicate the way in which 
ditlercnt peoples became acquainted with the metal and at the same 
time received and adopted its name. It is probable that the name 
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given the metal by the inventors of ironworking migrated along with 
fho metal to very many peoples, and pMtologi&ns could Lherefore 
render valuable help in the nr arch for the earliest iron industry* 
l can not dose this discussion 'without inferring viitli special satis¬ 
faction to von Luschaivs lucid and thorough treat be on African iron- 
working and the furnace apparatus and blowing apparatus employed 
by tlie Negroes. 1 A continued comparison of these utensils with 
those in us* among peoples of other continents, will doubtless yield 
some important conclusions as to the age and peculiarity of iron- 
working among the Negroes as well as among other peoples. Simi¬ 
larly, wo gratefully hail ihe investigations of Olshuusou, Grossc, 
Busse, Krause p and Giebeler 9 of tbs quarrying of iron in prehistoric 
time, especially in Germany, which are valuable contributions to our 
question. Although 1 can not agree with these Investigators on 
every point, I urn glad to stale that, on the principal questions there 
is general agreement. In the near future I hope to present a separate 
study on the chemico-technological side of the quarrying of iron and 
of metals in general in antiquity. 
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While traveling in Algeria u year ago for recreation the only object 
I Ini'I in view, like all tourist, was to receive i he pacing impressions 
of landscape and art ns they offered themselves along the road* 
Soon, however, there was pressed upon rny attention many interest* 
ing questions about the historic and prehistoric periods of the coun¬ 
try. I could not resist, their fascination, and thus I became more and 
more engaged in studying the archeological and anthropological 
problems which the natives of Algeria and the surrounding coun¬ 
tries, the home of the Kubyles, offer to the investigator l pass over 
the numerous beautiful monument of historic time, for they are 
described in every guidebook. 

But besides these memorials of the ten invasions of various peo¬ 
pled of historic time, from the Pheniciunn to the French, there exist 
in north Africa thousands of mega lit hie tomb structures about which 
history has nothing to my. Some of them fully resemble those of 
Europe; others are peculiar- to that region. 

These meguliihir monuments may be divided into two classes: 

r. DOLMEN. MEN Him AND L&OMLEOH, AS THEY ALSU dCmi IN KUBDFE. 

L In Morocco there were still, in 1S76* about 70 dolmens pre¬ 
served in five groups between the Straits of Gibraltar and the Illver 
Loukhoa (the Lixus of the undents). mid at Beni Snasseiu on the 
frontier of Algeria. A group of about 10 menhir s, which us lute as 
1830 numbered flO, was also in Miora, south of Tangier; finally, there 
were'then still in existence, west of Fez, a number of cromlechs The 
tombs are hidden in a hill so that only the stone covers are exposed 
on the surface. They contain crouching skeletons and course* poorly 

1 Ts-n!i,*Lat'M] r Lij pvttii jan,. fmm the U^nzinu : Areti DolflgtKbff (Lad ■.□ Ihropglrtglurhe 
Ktudlc-n uetrtf Uk L Kfifojlrn. Vr»q A. LlHmiier, HcLEit'lLrlft flip Eliiii-j1i>* h- m vn], HjU, pnrt 4. 
iWSS. Berlin* l&*%- PP^ 
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made potsherds. intermingled with coal, Alongside of u dolmen lay 
three silex axes and a crude fignro of reddish sandstone, 

2. In Gujotvilfc, near Algiers, only nine out of several hundred 
dolmens, which in tin? middle of the last century were still standing 
upright and since then carried oil by inhabitants for ho use building, 
are now preserved in perfect condition. These were saved through 
the interest of the late German professor, Kuester, on instructor at 
the Lyceum, In Algiers, who acquired these remnants, together with 
a vineyard. One dolmen contained two crouching skeletons, the 
bone^ of a child, u hron^c bracelet, and potsherds. 

fi. At Bou Nouare, near Constantine* on the road to Guelnuu there 
is a large number of dolmens, mostly stirrmmded by stone cin ies 
fpL U s jls also at Signs {ph 2 and ph 3, fig. i) ; Ksar Mahidjibu- 
l [>L ft, fig. 2 ) t and El Kheucg. ull in (lie neighborhood of Const ail- 
tine. 

4. At Bou Mekong, near On lad ELilinioun, there nre about 1^000 
dolmens, inclosed by one or more stone circles. Their contents con¬ 
sisted of cowering skeletons, accompanied by copper rings, puis, 
bowls, and horse bones. One tomb contained iron rings, copper rings, 
and plates, fragments of worked Hint* potsherds of very fine day, 
and a bronsc medal of Faust imu 

5, At Eokiiia, on the. road from Gindina to Hamtnon Meskonline, 
there I* iv govi-rul thousand dolmens, with content* similar to the 
preceding. 

G, At Hencbir el Tfndj&r, in the territory of Enfida, in the regency 
of Tunis, there were still preserved in KM>t about 400 dolmens, mostly 
passage graves, often surrounded with cromlechs or stone circles. 
The tombs are often built entirely in the ground, so that only the 
flat stone cover on the surface indicates the tomb* They comprise 
up to dx stone chambers, each w r ith a threshold stone, and contain 
crouching skeletons of both with plutyknemit; tibia and pot¬ 

sherds. 

7. 8till farther south the existence of mcgalhliic monuments has 
bn*u discovered; as a cromlech of the expedition Choisy tit Ain 
Messing, between Lughouat and El Goka, and a dolmen of Johnston 
in Uganda. 

11. WEJiAiJ'lTITf MONtilEXTS I'OXt-TAR TO Tltr I*ANT> iW THE KAhVt.ES. 

OnJv the mCtil important wifi be mentioned here. 

L Quadrangular gigantic chamlxr* at EHez, in the neighborhood 
of Lg Kef in Tunis They are chambers of four large sUme plates, 
with doors and small windows in the doorplates. Two rows of five 
such diambers each are separated by a passage and covered with 
stone plates in form of a gable roof. The general emniucu to the 
cemetery is closed with four large stone plutes. 
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2 ° Oven-shaped tombs of large" stone plates, forming a vault whose 
upper keystone is supported by two very large stone plates at the 
entrance* * These tombs are seen at Ilnmmam-Soiikhra, in the region 
of El less. 

3- Cone-shaped tombs, the largest jnegnlithic monuments in the 
country, ore found at Henchir-ebAssel, in the territory of Eiifklu, 
Tunis* They consist of two concentric circles of large stone plates 
1-5 meters a pail and are covered with a cone-shaped roof In such a 
way that the top of the roof is a fiat cone whose apes is formed by 
the large stone cover of the grave chamber* Hkmy found here 100 
such tombs, in various states of preservation, the largest of which 
measured l!> meters in diameter* These prehistoric structures are 
evidently the prototypes of the beautiful Mauretanian royal tombs of 
Med raven near Baton and of the so-called Tombean de la Chretienne 
near Algeria, the models of which have l>eeii set up in the Trocadero 
at Paris and in the museum of Algiers, 

4. “ Senam "—that is, stone circles with a niche-shaped entrance— 
have been investigated by Maciver mid Wilkin 1 - at Msdla in Algeria, 
where about 100 con still be seen, although the Arabs have been for 
a long time carrying away the stone plates for building purposes 

Beside* those named above there is still a series of other mega- 
lithic monuments which have been described by iMoumeux,- ami 
will be here merely mentioned- They are the “ Bazina,' 3 which ap¬ 
pear to resemble the Senam; then the " chouchottower-shaped 
structures, which have especially become known in the Aurfe and 
Ilotina, and finally the iS I 1 b non at ” or rock tombs, ns they are known 
in Sicily, 

On the question as to what period these i nun it merits belong, only 
excavations can give an answer* Unfortunately till now only a lew 
tombs in proportion to their great number have been explored* Only 
this much is fully known concerning them, namely* that they contain 
sitting crouching skeiletoup, accompanied with potsherds and rings of 
■"copper'' and of genuine bronze. Near one dolmen by also three 
wiles axes and a crude stone figure. On the other hand* one- dolmen 
contained rings, a bridle, a bit of iron, and a coin of Faustina. While 
thus the larger number of dolmens Containing accompaniments £ 12} 
must he ascribed to the stone or bronze age. one at least Ijelonjp to 
the Homan period. It is true that further inves%Btion& may show 
that a great ninny of these megaliths were still in use during the iron 
age—but the conclusion that they were already in vogue in the bronze 
age can no longer be disputed. 


1 naftiln 11 ■ Harivtr nhil Wilkin. f.iNynsi p. TS If. 
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The study of the skulls from the dolmens in Roeknis (£0) and 
Guyolville (2), In two of which the greatest width could not ha ac¬ 
curately measured, resulted, according to the German division, in 
60 per rent dolichocephalic skulls. 30 per rent mesocephalic and 10 
per rent braebyeephalie, thus indicating n preponderance of dolkho- 
and mcsocephnlic people. 

The significance of this remit will he dwelt upon further on. 
Besides these megalithic monuments there are also numerous re¬ 
mains of a paleolithic and neolithic people in north Africa. That 
Africa had a stone age was proved in 1882 by Aiulrec, 1 and since then 
this fact has been frequently confirmed. Through the well-known 
expedition of Fourenu-Lamy, as also through Pulls ry, Ferrand, and 
Flnmand, large collections of the earlier and later stone age became 
known, part of which is preserved in the museum at Algiers. An 
excellent survey of the latter is given by Flnmand.* * These finds 
come chiefly from the highland in southern Oran and the Sahara as 
far as the regions of the TooareeWsv.nd consist of celt axes, moustitT 
points and sera pern, an el laurel ■leaf-shaped arrow points; further, 
polished stone axes of the common sort and of the double obconie 
form (hache en boudin): then, especially at Ouargla, in southern 
Algeria, numerous arrow point-, of the known forms as well as also 
of a peculiar shield-shaped kind, with long point and handle (pointer 
5 6cnsson). also point-, with transverse edges and a kind of hsrpun 
(hame^on double), finally large spearheads—all of silex or siliceous 
limestone; besides pearb made of shells and ostrich eggs, polishing 
stones, millstones, and other objects. 

FI am and also discovered anew in south Oran a large number of 
stone engravings and published an instructive survey of these monu¬ 
ments in north Africa, of which those with Kabvle inscriptions and 
representation? of extinct animals are especially important.* 

Hamv likewise came across many neolithic finds in southern Tunis. 
Among these, remnants of earthenware are rare though very instruc¬ 
tive because they were huilt up or molded in baskets, so that they 
retain an impression of the texture as an ornament. In the pursuit 
of his investigations lie found that only the buckets of the Somalis 
continue to bear the same ornament as the vessels of the neolithic 
stations in the Sahara and in southern Tunis, 

If we inquire what people left all these remains of their existence 
we are confronted by great difficulties. This much is clear, it must 
have been a settled people, spread over nil of northern Africa from 
Tripoli^, or certainly from the Gulf of Gabes, to the Atlantic Ocean. 
As evidence of this the great number of monuments still surviving 
speaks in door anil unmistakable language. 
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Herodotus, (i, iv f especially 168) relates in legendary manner that 
north Africa, from Egypt to the Pillars of Hercules* was originally 
inhabited by the Libyans* who, however* were divided into many 
tribes whose n&mfts can not now l)e positively identified. Sallust 
(De hello Jugurtino, LB)* who drew from the lost writings of King 
Hiampsal TT of Numhiia, relates that the aborigines of north Africa 
near the seaco&et consisted of Libyans, while sou th of these were the 
GaoUiIc*. L^ter, however* Armenian* Median* and Persian immi¬ 
grants from western Asia* who supposedly had gone with Hercules 
to Spain and after his death were scattered, invaded north Africa 
and were entirely absorbed by the natives. The Persians amalga¬ 
mated with the fiaetidcs and culled themselves Nomads* whenc* the 
name Xnmidians originated, the Armenians and Medians united with 
the Libyans, who corrupted the name Medians into Moors, Later* 
however, the Numidians subjected all the other tribes and formed a 
people under one name- Thus the region wu* found by the first 
historic invasion of the Phenicians* 

From this people descended the modern Berbers* who according to 
the genealogical tribe legends of the Beranu a Berber tribe of fair 
complexion, we re called in antiquity Barba ri* 1 they themselves* how¬ 
ever, being designated as Kabyles* after the native word w Kabila* 
that is, u d union nf several (iurbi (small hats) on one point. 

Without dismissing the legendary etymology of the name of the 
people. we may conclude from this account that even before the in¬ 
vasion of the Pfaenicians- there was an invasion from western Asia, 
and that the aborigines of the Libyans and of the Guctules did not 
represent a pure str><:k_ If it Is now recalled that after the Phe- 
nicians there immigrated Greeks. Homans* .Tews* Vandals. Byzan¬ 
tines* Arabs. Turks, Spaniards, and French, who more or less inter¬ 
mixed w ith r lie natives, it seems impossible to distinguish and anthro¬ 
pologically determine the aborigines from the present inhabitants 

Fortunately some Kabyle trills have from ancient tiroes protected 
themselves by their love of freedom from subjection, imd through 
their pride, from any intermixture. Retreating to the highest points 
of the Atlas, whither enemies could not pursue them* they preserved 
their independence, the purity of their race* and their old language* 
the “ Tamazirl.'* although they exchanged their own original script, 
the for the Arabic* and theis- original religion for the 

Islam. 

The language of the Kabyles* the TamazirL which has been thor¬ 
oughly studied by Basset, belongs to the great Libyan family* of 
which already 40 dialect* are known, among which is included the 
undent language of the Gumnchc^ in Truerifi'e. Is extends from 
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Senegal to north Africa, and certainly from Morocco to Turns, but 
the peculiar script is in present use only among the Tooarreks. 

Tamarirt is dorely relate! to the language of the Copts, the Nu¬ 
bians, and the Somalia It thus belongs to the Haroitw language 
group and also exhibits a certain relationship with the Semitic, but 
absolutely none with the Ind©-Germati language group. 

These pure Kabyles are found only upon the highest points of the 
inhabited Atlas, in the Rif of Morocco, in the great Kabyhu of 
Algeria, in the Aurte and in Entide in Tunis. Those in the Rif 
have been studied by Tissot 1 and Quedcnfdd * *; those of the Antes , 
where they call themselves Shanla, hv Laritiquo* and Maeivor- 
W ilkin 4 ; and those of Tunis bv Collignon 4 and Ha my e . To obtain 
a closer personal knowledge of them, I mad© a trip to tlie great 
Kftbylin, as I had the good fortune to secure as a guide a native 
Kiibvle, a servant at my hold, who was very intelligent and. besides 
his mother tongue, was well versed in Arabic and French. 

Th<? country of the great Klabylin—that i% tbufc part of the At as 
which attains its highest point in the Jurjura, extends from Haus- 
sou villa, on the railroad from Algiers to TusbOuwm, and Bougie m 
the north, and Beni Mansour in the south 7 (pi. 4, fig. 1). 

Tin* Jurjura, rising to a height of 3,203 metere, and tjil far into 
the summer covered with ice and snow, forms an imposing, pic¬ 
turesque, connected chain of mountains, separated from one another 
by deep ravine?. Around, and partly parallel with them, run other 
ranges of high mountains likewise cut by deep ravines. All the 
wjnera frnm the Jurjura are gathered in the Sebaou, which at 
Dellis falls into the sea. The deep precipices, which rise steeply to 
a height of ISO to 2.000 meters, are closely planted clear to tlie top 
with'Vines, figs, olive trees, wheat or barley, ash, oak, and euca¬ 
lyptus, and the ridges and adjoining slopes are so closely settled 
w-iih village* that the population attains here a density of 172 to 10O 
to the square kilometer, which surpasses even that of Holland, the 
second most densely populated country in Europe, with only 142 to 
the square kilometer (pi. 4, fig. 2). 

Tlie center of this entire country is Fort National (pi. 4, fig. 1), a 
fortress established in I8f»7, through which the French Government 
dominates the entire Kabylia—it is therefore also called by the peo- 
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p!e H a thorn in the eye of the Kabylia." Modem cities are un* 
known to the Kabylae, who live only in villages of varying size. 
The French started establishing cities in the neighborhood of the 
larger village settlements in order to create appropriate residences 
for the military and civil officials, thus in Tisu-Ouzon* Fort National. 
Sliehflet end others. 

Tlie Kabyle villages consist merely of low, stablelike huts, whose 
walls wens originally constructed of poles of about the thickness of 
an arm, and rude brandtes of olive trees, eucalyptus, and ash were 
then intertwined with their mmage, plastered and made tight with 
clay, all being erected without any rule or system. The walls sup¬ 
port a slanting roof with coping made of branches and straw, with 
no outlet for the smoke (pi. 5, fig, 1). A wooden door opening into 
the dwelling does service likewise for window and chimney. These 
«brushwood huts” are low and small, about 3 meters in breadth find 
length and 2 to 2.5 meters high, and are commonly designated by the 
French as “gurbiy 1 while in Kabvle they are called “acham." 

In the interior the tloor of clay is without covering. More or less 
in the center is the fireplace, a small depression of about 0.5 meter 
in diameter, on whose edge lay three stones on which rest the pots 
for cooking. 

Within the but* usually at the entrance, are stalls for the cal Lie 
(mule or sheep). At the opposite side of the room is a kind of clay 
bench, which serves as a sleeping place (in Kabyle, “ imirrard ") for 
the family, living covered for the night with any suitable material. 
Above I he bed for the rattle agricultural implements and ton is are 
stored, and on the other walls are places for holding household uten¬ 
sils, clothiug, ornaments, and other objeete 

Thifl primitive stylo of architecture has been steadily disappearing 
since the French occupation. But there are still many villages that 
consist only of such “ brushwood ” huts. The walls of the houses un? 
now generally constructed of stones (pi. 5, fig, 2: pi. fig. 1). the 
roof is covered with tiles, and w single rare cases supplied with a 
chimney, lu Ihc interior of the houses, however, the arrangement 
and furnishings hove not changed. 

So also I lie bnm3 for drying of hay anti straw are still built like 
I hr old n chums (pi, fa fig, 2). only that they an? round, the roof nm- 
hrella-shnped, and the walls not so carefully made tight us in the 
dwellings. 

The homes of the richest Kabyles, like those of the French, are now 
constructed in Moorish style, so that it may be expected that by 
another generation the primitive brush huts will entirely disappear. 

Co (Tee houses are very numerous and are btlilt in the same manner 
as the private dwellings, only of larger ske. 

3S7W 1 —ihm ltd l——3t 
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The village streets are generally nothing; more than gutters washed 
out by the rain, without repair or improvement* In the center of the 
village* however, there is a Isirge free space or square where the old 
men crouch or lie down and indulge in story telling. Here also 
Ftumh the communal house, the M tensest,” its construction the same 
as other buildings 

The Kahyb men (ph 7) ore sturdy and are exceedingly hardy 
in withstanding privations and the influences of the weather, Hero¬ 
dotus &a.js (i. 4, 1ST): “The Libyans are in fact the healthiest men 
that I know.” They are slender nnd of medium height, although 
persons over 190 centimeters tall are not very rare, yet undersized 
and weak ones are hardly ever seen, Prengrueber 1 gives the results of 
measurements of 2ft4 pure Kabyleg (is follows: 28.S) per cent, 1C 1-163 
centimeters: 46.6 per cent 164-17Q centimeters; 24.5 per cent. 171-175 
centimeters; minimum, 150 centimeters; maximum, 185 oentimetersi 

The Kabyles have a dignified carriage, but are not conceited or 
haughty like the Turks and Arabs, The color of their ^kin on the 
uncovered parts of the body, as the face, hands, and feet, which are 
exposed to the sun, ia brows, and often, among the field workers, 
dark brown, but on the covered parts it is white, as with the Euro¬ 
peans. They are, therefore, as regards their bodily characteristics, 
wrongly counted among the Hamites, who tire brown over the entire 
body, and transmit this character to their children, ns I learned by 
observing a mw-bom Somali child. 3 The eyes are generally brown 
fBSJJ per cent,* of which 413 per cent art 3 dark brown, -17.3 per cent 
light brown); the hair is black (74.S per cent, 50,7 per cent deep 
black, 14.5 per cent black brown). The faro is handsomely oval, 
orthognathic, the forehead high, the itono si might and well-propor¬ 
tioned, the mouth generally small. The ear is not large, and fre- 
fluently without lobes* The growth of the beard Is thick, but a Jong 
beard is rarely worn; so al*o the hair of tile head is kept short, Tim 
expression of the fare is intelligent and benevolent. 

The head formation occasion ally exhibits a strongly prominent 
occiput; rarely is the region of the temples vaulted. Narrow beads, 
inclining to dolidiocephaly* are very common, and brachyoepfcal 
heads are never seen. Pnengnicbor gives the following indices of 
192 measurements: of 72,2 per cent, 36.1 per cent were dolichocephalic 
up to 75 and 35.8 per cent subdoMchocephalie up to 77.7: 1B.7 per 
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cent were mesaticcphalic up to SO; 8.2 per cent subbmchTcephalic tip 
to 83,3 1 and 2.7 per cent brachycephalic above 83,3; minimum* * l>5; 
maxim um f 85. 

The Bjtbyle skull (ph 8) in the geological collection of the college 
at Algiers, the fine photograph of which I owe to the kindness of 
Profs. Fischer and Savomin, bm an index at 73.6* and is ns well 
formed as the heads of most of the KabylcB, 

On Lise whole these people make the same impression as the southern 
Europeans and might readily be regarded as Spaniards or southern 
Italians if they were tsimspondingly dressed* 

But besides these black Jmi red and brown-eyed people there are 
also many blond persons with blue eyes who make the exact impress 
sion of European northerners. Occasionally the color of the hair 
is rather reddish, 

Prengrueber found the hair in 3*34 per cent light brown, 1-07 per 
cent very' light brown, 3,20 i*er cent blond, 1 per cent a*hy blond* 2-23 
per cent more white (13.11 percent); while the eyes in 3*85 per cent 
blue, only with blond or slightly red hair; 8.35 per cent light green, 
with blond or black or light brown hair* 

Divergent are the data of Faidherbe/ who observed in Constantine 
10 per rent blond Kabyle% and of Mucivrr and Wilkin, 1 who in the 
Antes likewise noted 10 per cent, while Tis^ot,* who was for a long 
time French ambassador in Morocco, esSimated the number of blonds 
among the Knbylcs of the Tlif* of Tangier, and Tcfotian, at at least 
one-third of the population, and Quedexifold 4 even at two-fifths. 
On the other hand, according to Itohlfs and Quedenfeld no blonds 
occur south of Morocco among the Shl5h. 

These blond Kabyles m much resemble our north cm Europeans 
that according to Quedenfeld they would be simply taken for north 
Germans, or according to Maeiver and Wilkcn for Scotchmen if they 
dressed l he same* 

Black individual^ genuine negroes, are rare, but mulattos, prog* 
natfoio and with gross faces, which indicate an admixture of negro 
blood, are frequent. 

Persons with somewhat curved nose are often met with, so that 
many children and adults remind one of the Jewish type. 

The women are distinguished for their beauty (ph 11. fig. 1)* As 
they do not veil their faces nor wrap their forms, os the Arab women 
do. one has opportunity to admire them in their entire beauty. They 
are slender and of medium height. The heir is not cut and is worn 
rather loosely. Large* bony figures are seen only among the uegresses, 
who live among them as servants, or, though mreh% as wires. 

* After IHwHuh, nfejrrnp^le UeiItp ftolfc il* p, 3S<l*r. 
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Boys sin rirciimcised at the age of 3 years. At the nge of 15 boys, 
as well as girl-, marry. 

The dress of the Ivabylcs is very simple imd, in Algeria, is alike 
for rich and poor (pis. ft and 10). A cotton shirt is worn ne^t to 
the skin and over it is a second shirt-like dress which reaches to the 
knees* and over this, for men, a white woolen mantle, a kind of 
burn us, which likewise leaves the lower parts of the thighs free, and 
in walking is so draped that the left arm rests as in a sling, while the 
right arm from the elbow remains free The women usually wear 
only the two shirts and a kind of shawl wound as a l>elt around 
the hips; the fore arms and lower thighs are entirely free, usually 
also the feet. Trousers and stocking^ are used neither by the men 
nor the women, but the wearing of shoes is frequently noticed* 

Upon the head the men usually wear a red fez, the shashija, round 
which a piece of cloth is wound in form of a turban. Old men 
sometimes wear a black, and the poor often a white fez* over which 
the head part of the mantle is drawn m form of a capouch. 

Their entire clothing is often very dirty and ragged so that the 
men look as if they had pulled tin old Jong sack over their heads for 
their walking dress. Occasionally they wear discarded European 
vests or torn trousers that obviously produce a ludicrous impression 
on Europeans. 

In Coni mst to this the higher judges or Kadis, who were installed 
by the French Government, wearing rod bu muses often decorated 
with many orders* and the police officers in their black ones, high 
stocking?, and shoes* moke a dignified appearance in their picturesque 
costumes- 

With the women the second shirt is often dyed red* blue, or striped, 
so also the heat! handkerchief, which they wind around the head so 
that, the hair streams out somewhat wildly from beneath it. Their 
personal ornaments consist of simple pendants of silver filigree, 
corals, and glass pearls, which are worn on the head* around the 
neck, and on the breast; or cartings, bracelets, and anklets of silver; 
rarely, for display nt festivals, are the ornaments of a richer combi¬ 
nation. Children often wear a whole row of amulets suspended from 
the neck* The women love finery but are generally modest and indus¬ 
trious* 

The main occupation of the Kabylea consists in tilling the soil. 
Stock raising tm an industry is comparatively insignificant* The 

mule performs all the work of the hor^ or ass in other regions_but 

there is no lack of small flocks of sheep and cattle* Men and women 
are seen diligently at work in the fields. 

The tilling of the soil b chiefly carried on for the winning of 
barley, wheat, grapes, figs, and olives, which ore all in great demand 
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as articles of trade. Wine and oil especially are exported in large 
quantities. * 

The women also perform all the domestic labor, as cooking and 
weaving, in the well-known primitive manner (pi. 11, fig- 2, and pi. 
1-2. fig. 2). Pottery making is also the special task of the women. 
The vessels are burnt and often handsomely painted in yellow and 

red colors. ... 

The men make the filigree ornaments of silver, the agricultural 
implements, mid all the things required for house building. 

The food consists principally of bread, butter, oranges, figs, dates, 
and rarely meat. Peculiar is the kuskus (in Kabyle, soksa), the 
preparation of which is somewhat complicated. Into a lurge dish 
are put meat, a great deal of pepper, salt, some vegetables, and 
water. Over this is a second dish with a sieve-like bottom, into which 
flour—mostly barky flour—is placed. The whole is then closed 
with a cover and put on the fire. The steam from the lower dish 
pervading the flour effects the formation of small balk (pi. 12. fig. 1), 
which are then served in u separate plate from the meat soup, but 
which for a European palate is too strongly peppered. 

Many men and children loaf all day in the streets and coffeehouses, 
the children, in particular, begging. But this will soon change. The 
Government has, besides the building of excellent roads, undertaken 
a second most important civilizing work in educational Hne-. "'hivli 
has already produced results. Beginning in 1893 primary 

schools have been established in which French and Kabyle children 
are commonly instructed. Each school has two classes and two 
teachers, a Kabyle and a Frenchman, who are trained in a large semi¬ 
nary at Bouzarin, near Algiers, in both languages. As the Kabyle 
children are very docile they soon leant to read and write French, 
arithmetic, and also the elements of the natural sciences in order to 
combat the widely spread superstition. The Government grunts each 
school a subsidy of SO per cent, the rest is borne by the municipality. 
Up to the present, 80 such schools have been established, which 
are obviously too few for such a dense population j but the children, 
who in some cases have to walk three kilometers to school, come gladly 
and by their mannered behavior and knowledge of languages dis¬ 
tinguish themselves very notably from those who have grown up 
wildly. There are also said to bo in the larger places Kabyle physi¬ 
cians and lawyers who have studied alongside the French. One cud 
observe the rapid progress of the beneficent influence that French 
civilization has exercised in this country. At the same time the 
Kabyle language is spared and at present as far as possible preserved. 
Under the leadership of a well-known authority on the Kabylea, 
Prof. Basset, the Government sends out scientific missions for the 
study of the various dialects. They have no literature, nor historical 
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traditions; they only know that before the invasion of Islam they 
were Bom an—further back Lbcir recollection does not go, On the 
other hand, they have many Kabyle legends and tales. 

As to whether the ancestors of the modem Ktibyles were also the 
builders of the dolmens, the only means of determining are the few 
excavated dolmen skulk. It has been seen, it is true, that the pure 
Ivnbylcs are predominately dolichocephalic or mesocepbnhc, and that 
the 20 skulls which were taken from the dolmens of Eolmia and 
Guyotvllle show upproachingly the same form. Still, aside from the 
fact that the eraniological character alone is not decisive, wo can not 
determine at present whether the apparent relation of the skull forms 
to one another will not bo changed after hundreds of dolmens have 
been explored. The most that wo can now say is that the investiga¬ 
tions thus far carried on are not opposed to the assumption tliat the 
explored dolmens were erected by the ancestors of the modern 
Knbvles. The question of the introduction of this custom will be 
discussed later on. 

No less difficult is the answer to the question as to whether the rich 
remains from the stone ago came from the Kabyks. According to 
the investigation of Humy, quoted above, certain pots of the stone 
age (corrugated pottery) show that they were in the form of basket*, 
such a* are at present exclusively in use among tho Somalia. This 
observation would certainly support Hinny’s trssumption tlmt the 
people of the stone age in north Africa were related to the Hamit ic 
Somalis, if a conclusion from the similarity of culture forms to that 
of this race were summarily permitted. 

Summing up the result of all these investigations, the following 
proposition ran be nittinl limed: 

All pure Kabyles in the Bif of Morocco, in the great Kabylia, in 
the Anris and in Enfida In Tunis belong to the white Mediterranean 
rare, and are more or less strongly intermixed with blond, blue-eyed 
individuals of northern European character. They all speak a dialect 
of Hamitic language belonging to the “ Tamazirt.” 

There arise four now problems which arc of much interest for 
general anthropology. 

1. Whence come the blond Kabyles 1 It is easily comprehensible 
that the strange appearance of so many blonds amidst such a sun¬ 
burnt population with black hair excited the attention of many 
investigators, particularly the French. Already in 1876 Faidherbe 
and Broca 1 taught that the blonds were the descendants of Iho 
Tamahu or northlanders, who, according to the famous inscription 
of Karnak. at about 1400 B. C., advanced into northern Africa ns far 
as Egy pt after Celtic tribes had already, in the fifteenth or sixteenth 
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century, immigrated as far as Andalusia, These north landers had 
also introduced from Europe into northern Africa the custom of 
megalitkic structures, as was also maintained by Bertrand, 

On the other hand, Shaw* * declared that the blonds* it is true, im¬ 
migrated from Europe, but only in historic time, that they were the 
descendants of the Vandals whom Genseric, in 429 A, D*, led over 
from Gibraltar to northern Africa. This view was afterwards taken 
up by other investigators, especially Quedenfeld/ But Broca* on 
the basis of information of Procop, rightly points out that most of 
the 50.000 Vandals whom Genseric brought over* perished in the 
struggles with the native Moors, Numidi&ns, and later with the 
Byzantines, so that in 544 A. D, only 420 men remained who were 
partly killed with their last lender Gontharis and partly transferred 
to Constantinople, Since then the Vandals have entirely disuppeared 
from northern Africa, 

Besides, the ancient authors of the third cenLury B, C. and the 
third century A. D, assert that there were among the native Berbers 
mfiny fair and blond ones* 1 

Finally* Sergi, 4 on the basis of his cramologieal investigations, 
maintained that the blonds did not immigrate but were native In 
northern Africa, especially on the heights of the Moroccan Atlas* 
under the influence of the- altitude climate. He refers for this to 
Livi f s results of anthropometry, according to which in the popula¬ 
tion of Italy dwelling at above 400 meters altitude the blonds pre¬ 
dominate; below 400 meters, the brow n* Against this Qttedenfdd* 
points out that among the Shluh In southern Morocco nut a single 
blond is to be found notwithstanding that the people partly live on 
still higher mountains on the great Atlas. 

Still other hypotheses have been set up to explain the strange 
appearance of blonds among the Kabyles. They are said to be de¬ 
scendants of Koman mercenaries from the north, or in hare come 
from the East, after the explosion of the Ilyksos from Egypt The 
former view seems to be contradicted by the numerically and geo¬ 
graphically great diffusion of the blonds, while the latter view lacks 
any record of the existence of blonds among the Ilyksos, 

If it is asked which view is most probable on the basis of our 
present knowledge, i can only My that a* long as we are ignorant of 
all the conditions on which the distribution of the pigment among 
the various races of mankind depends we must be guided by actual 
observations* Mow we know that only in northern Europe, Lind 
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iioivber# else upon Mirth, is there a /one in which a large contiguous 
blotul population is autochthonous* and we are therefore compelled 
to assume that wherever else on earth blonds emerge is! and-like, they 
are derived from the north European zone. The opponents of this 
view would not take it seriously if one maintained that the Negro 

population in Haiti or in North America were there autochthonous_ 

and yet commit the same error as regards the blonds. 

We con, therefore, only assent to the view that the ancestors of 
the present blonds among the Knhyles must have at some time emi- 
gruted from northern Europe into north Africa and this view would 
account for the occurrence of numerous blonds in the liif in Mo¬ 
rocco, in the Jurjura. in the Aures, and in Enfida, where in high alti¬ 
tudes, in a climate similar to that of their home, they felt most com¬ 
fortable. 

If in opposition to this view it is contended lhat at present the 
immigrant Franch do not propagate in northern Africa, it may be 
said that the time of occupation is sfill too short to definitely settle 
this question. I, myself, have made there the acquaintance of fami¬ 
lies living in Algiers in the fourth generation, who have propagated 
mid are comfortable. It is, moreover, evident that the colder cli¬ 
mate on the north const and especially on the heights of the Atlas 
must be very favorable for the thriving of northUnders. 

Since the Vandals, as has l>cen seen, can not have been the ancestors 
of the blonds in northern Africa, anil since oilier northern European 
immigrants are not known in historic times, we must assume that 
already in prehistoric time a considerable host of blond north Eiiro^ 
pea ns entered it—that a kind of migration took place similar to the 
migration of nations in later times. 

-■ The second quasi ion is: Whence came the white Kabylcs. with 
black hair and brown eyes? 

This question is even more difficult to answer. Since all the peo¬ 
ples of the Mediterranean coasts possess identical somatic character¬ 
istics, and we have no point of vantage from whence to scan the 
cradle of this Mediterranean race, the Homo meiliterraneus, we are 
also unable to decide whether it immigrated from the north African 
coast to southern Europe, or the reverse. All that can he said with 
certainty Is that the Kabyles are neither Negroes nor Hamites 

But if we consider lhat no other people of the white race besides 
I lie Kobyle speak an HamUic language, it results that they adopted 
the Hamitic language on north African soil Bn d that they are there 
not autochthonous, but immigrants, am) f or nnthropologiral reasons, 
as well 09 on account of their resemblance to the Spaniards, they 
probably immigrated from the Iberian Peninsula. 

It must be further concluded that in north Africa they found an 
Hamitic population, which they drove away, but adopted its Jan- 
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guage without amalgamating' with it. It has been often observed in 
historic time that the victor Lous immigrants adopted the language of 
the conquered. Thus the ‘Waragians adopted the Russian language, 
the Normans first the French, then the English and Italian lan¬ 
guages. The Longobards likewise adopted the Italian language, not¬ 
withstanding they dominated these several countries as conquerors. 
If all these were absorbed by the native peoples, it was due to the 
relationship of race, which was not the case with the Kahyles. 

S. The third problem: Who, then, were the autochthons, can 
accordingly be answered only by a conjecture. That they were 
Hamites—that is, people of brown skin—is-made probable by the 
language, nnd in conjunct ion with it Ilumya observation, cited above, 
that the corrugated pottery from the stone age in the Sahara exhibits 
it decisive relationship with the industry of the Somalis, gains a 
greater significance. 

4. Finally, llic fourth problem: Whence comes the custom of the 
megulithic tomb structures in north Africa, has already been an¬ 
swered above, Hertrund and Broca Hunk that with the immigration 
of the blonds from northern Europe was also thence introduced the 
custom of the megaliths. It has been stated above that only a cralib 
ologica) investigation can decide whether the ancestors of the Kabyles 
have used the dolmens, but not whether they introduced them. If it 
is now considered that megaliths occur not only in Europe and in 
north Africa and as far as Uganda, but also in Palestine, Syria, 
India, and Japan, and that we do not know whence this custom 
firwt started, we must herein agree with Montelius that the erection of 
dolmens is a general phenomenon of civilization that makes its 
appearance from Japan to Europe, but whether it spread from 
Africa to Europe (Montelius) or the reverse (Bertrand and Broca) 
cun not at present be decided. Only when we shall have come to 
know the period of the erection of the megaliths in the various 
countries shall we be able to drew a safe conclusion as to the starting 
point of this custom. Hut tf it is considered that upon the highest 
points of the Atlas, the Rif. the Jut-jura, the Attrfe, where the blond 
Kabyles are most numerous and purest, no dolmens whatever exist, 
it seems improbable that the custom of dolmen tombs should have 
been carried to north Africa by the blonds of northern Europe. 

If we would draw a picture of the various invasions which in the 
course of time took place in north Africa it would be as follows: 

1. As autochthons we must assume an Hamitic people, related to 
the Somalis, that lived there in the stone age and spoke Tanumrt, 

2. Then followed the invasion of the Kabyles from the Iberian 
Peninsula who pushed the autochthons toward the south, erected 
dolmens, and changed their language for the Tamnzirt, 
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3, Thereupon followed the invasion of the blonds from northern 
Eurojie who, though completely assimilating with the Kabyles, set¬ 
tled chiefly upon the heights of the Atlas, where they have preserved 
the purity of their race to the present day. 

4. There followed then the invasions of historic times: The Pheni- 
eian, Greek, Roman, Jewish, Vandal, Byzantine, Arabic, Turkish, 
Spanish, and French. 

In the face of all these invasions, the Kabyles on the heights of the 
Rif, tiie Jurjiira. the Anris, end in Enfida have preserved the purity 
of their race to the present day. 



CHINESE ARCHITECTURE AND ITS RELATION TO 
CHINESE CULTURE, 1 

[wnu 10 fdatc*J 


By Eksst BotascHSiAffs. 


I left Germany in August, 1906 f to makc an extended exploration 
in China* The route was vis Paris, London, and America, where I 
saw treasures of Chinese art in the museums, thence via Japan, to 
acquire a fleeting impression of that branch of oriental culture; and 
finally I arrived at Peking early Ln December, In the summer of 
IDOtfh upon completing my work in China* I returned, via the Siber¬ 
ian Railroad, to Germany, after an absence of exactly three years. 

Dr. Bachem had discussed the importance of a study of the Chinese 
before the Reichstag in 1005. and the late Baron von Richthofen, 
then secretary of the foreign office, as well as a large number of other 
high oflichik, so interested themselves in the proposed journey that 
the German Imperial Government, with the approval of the Reich¬ 
stag* provided the necessary means* 

I owe profound thanks to all who aided this exploration, first for 
the effectual development of the idea of endeavoring to solve the 
important problems of the Far East from a purely scientific point of 
view, and also personally for their confidence In assigning mo this 
important duty. 

My commission bore the title: u An investigation of Chinese archi¬ 
tecture and its relation to Chinese culture/' 1 could not have desired 
a more comprehensive designation of this task for such a country- as 
China, with its 18 Provinces, covering an area seven times greater 
than Germany* and with remarkable coincidence exactly seven times 
its population. 

A solution of the problem appeared to be possible by confining 
myself to the northern pari, especially around Peking, which- from 
a previous residence there for two years, I knew to be the center of 

*ttrprtnlfMi by pvfflllfi&taD tmm X#iE*cbrlft fQr EtJuaolo-.H[fe. Organ der Ik-rUncT Oe*cll- 
rehafT fflr AEUbropaloirre, EthU-uJOtflfc uud Urfieseb Eeb t k Berlin. 1C, 4JM ytmt, purls 
3 ud 4, tn? r 390-426. 
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tjpical lor all China. I gradually, lio^srer, extenilad mv l ravels 
to cover a large part of the entire country, 

1 spent the first months in Peking in making preparatorr studies of 
Uirna. As soon as the gather permitted I made short’excursions 
to the imjieml tombs of the Ming dynasty, and to the eastern impe- 
tbe two days' journey from Peking. 

. tin ' lote Empress-Dowager was recently buried. I then visited 
he ancient summer residence at Jehol, five days' journey from 
eking, w here in the midst of a wild mountainous region » number 

riaMmniing pi uk a " , ° mi8,eri ‘* ar « SCtti * tml - fnmou* impe- 

The Simmer was passed in the charming neighborhood of Peking, 

V /“W £? ^ tern hi,is - *** its numerous maguS 
impJes, of which Pi-yfin-sae, the temple of the Blue-black Clouds, 
i-f regarded ;<* one of the most beautiful in all China. 

Then followed a seven months’ nip to the western imperial tombs 
he present dynasty, where the remains of the deceased Emperor 

* h ri n u rL ? C M° *■ mountain, which Ls 

V ? by t1ie Mongolians. On this occasion, the only one 

iluring aH my travels in China, I was for some weeks accompanied bv 
tcif L At all other times [ traveled alone with my Chinese follow- 
ers that ul time* numbered M,, including the burden bearers. 

The train earned ns south over the bridge uer** the dangerous 

triil,v,X'^i T fll ' lK ' MP '!“ I of '««•“" * . four (lavs’ 

rip dmvn the \dlow River, at » time when the dam had just been 

bn*™ and when the river in places was so broad that the farther 

TWfl r-r!-, ?• lhe 3Mt ” i 

faaKTi" . , ,be bm M»“ o' Confuoiua and ,ho site „f his 
t mb. The winter drove, me southward. T spent Christmas in 
hin^ and ,n January. 1D03,1 dwelt alone, remote from the world, 

of merer ’ th * aM!r * d idand of Ananyin, the goddess 

Upon returning to Peking by sea, I prepared for a long 12 months’ 
journey to extreme western and southern China, that car riel uu> 
overland across .be whole of China; first to TVriyuanfo, capital of 
Shansi, then d.agonally across that Province to L« ts’un. where there 

is a large salt marsh, that provides salt for the four northwestern 
Provinces. - 1 *-™ 

Shansi, like Shensi, is « dry Province, In some vearo there is 
no ram at all. A mild famine is expected with considerable certS 
eveiy 5 years and u serious one at 10 year periods nt, ^?f* V 
favors the manufacture of salt, which 'is accomplished bv 2?*? 
evaporation in the bright sunshine. This cenxt*. ■ -V sll[1 P e 
Wtaa is 11.0. gro-™. The „h Mandariu expro^j 
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impressively by comparing Shensi to a balance, with salt in one scale 
and wheal in the other. As one rose the other fell. It was best when 
they balanced. Perfection lies 1»iween these two extremes. 

T entered the Province of Shensi at the bend of the 1 el low Hirer, 
visited the sacred mountain ILu ash an. the capital Hsinganfu, crossed 
the Tsin ling mountains, and then descended to the exceedingly luxu¬ 
rious, charming, and fertile Szeclruan, This Province lias an area 
and population somewhat larger than Germany. As u whole it is a 
poem, mid its perfect beauty has been accomplished by gods and men. 

From the capital, Cb engtu, I pushed on to the most western point 
os far as Yachoufu, and before me to the westward and north¬ 
ward lav the snow-capped mountains that magically lure the traveler 
to Tibet. It is an imposing mountain panorama whose sublimity 
h already realized in its spurn near Ch'engtu. The Viceroy Chao 
ftrhfeng just then set out with a military force an route to Lhassa; 
but unfortunately my plans did not permit an acceptance of bis 
cordial invitation to accompany him. I spent three weeks on the 
sacred mountain Omeishan. The Chinese say that one heir feels 
the pulse of Khm-lun. Then I went down the Min Hirer in n small 
boat. I made a short excursion to the salt district of Tze-liu-lsing, 
where ore the self spouting wells, over 4,000 in number, with an aver¬ 
age depth of 1.000 meters. From these an? extracted salt essences 
flint are boiled and evaporated with natural gas from underground. 
This district furnishes salt for all the Provinces as far as the mid- 
Yangtze. The frameworks of the wells are 20 to SO meters high. 
As natural gas is used, there is no smoke in this industrial region 
where 700.000 people are employed. The salt is transported with ease 
by boats through the numerous canals of this charming Province. 
The hidden and mysterious force and the Iwnebt thus derived from 
the interior of the earth gave the Chinese the motive for the develop¬ 
ment of their peculiar religious ideas. In China one observes every¬ 
where that industry and trade serve to strengthen and deepen the 
religions .sentiment, because everything is brought into relation with 
the forces of Nature which are then personified as gods. 

Mv little boat carried me farther down the Yangtze River, and 
then for several days I hod the pleasure of traveling in our German 
river gunboat, the VaUrland. We passed by Jovcly and then again by 
mighty banks on either side, often n thigh speed, then by many densely 
populated cities, over famous rapids, and through romantic gorges, 
where the echoing voices of the sailors made the great solitude 
the more impressive. The Yangtze gorges, as they are generally 
known, are most imposing at the entrance to the Province of Hupeh, 
From the Tungt'ing Lake one reaches, by way of the Hsiang River 
in Hie Province of Hunan, the capital, Ch’angshafu. With a short 
excursion into the Province of Kiangsi I spent the Christmas festi* 
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HSnSlf T dajS ? f ,he ?* &T im ' «n tie sacred mountain 
H< hgsluin, then journeyed overland to Kueilinfu, the capital of 

vuangs, and down the K,,ei River, passing over 300 rapids in 
10 days, to the \\ est River, by winch I reached Canton, the imposing 
populmis, and gayyjjty. Going by sea I readied Fuchow, the capital 
of the 7 ™rmer of Fukien. I celebrated Easter in Hangchow! the 

Tli'nl ) >f r‘iT g i * h « much celebrated beautiful West Lake. 
Then I hastened l>aek to Peking, where I arrived after an absence of 

eZZ?'^’ ^ A% *’ at * Le *“* ° f the *»■»* of the deceased 

ChhSa 1ll ri 1?™'? n hiCh t0 ° k tUrnUsh 14 of thB 18 Evinces of 

* fallowed the mam highways, the ancient, mueb-trnvded 

ioadi». and was constantly m the midstof Chinese life in densely popu* 
**?** T[ " -ouotainsTaSv 

Led !» millions of pious pilgrims, belong to these regions, as also 
do the imposing industrial and cultural centers and great cities where 
iiienonnous commerce is carried oil through the countfan water* 
T hCr " ***** follow each other in rapid 

Sii ]'Xtl TT* With , its b ’ ,Hy fnnn harbor to 

tki s 400 0O0.SS 7 ^f entl T nt ' “ nrl ° rdcr wsa 7 w! ««> Prevail among 
. ’JJ 0 . P*°P\ ^hoso joy Of living and contentment * 

Phi^ U f * -r r ; Xothll, E *• more erroneous than to speak of 
8f» 4 ready to fall to pieces mentally, n ,omllv 
or men political y The unity of the culture of ye,tcrda V and yet 

T( - 4 “, 1Jl!> Vl( ! de4 UiC P«>pla and keeps the nation strong. 

JhZot°7TV my a0C ° ,,nt f(>1 ‘ th0 ** «•* *» problems of 
art lit j ogj, art, religion, or general history will be disiueaed here 

m teres I mg as they may be, hut the Chin,; as it fa to-datwill ^ 
,h™,J ah " Ul< ' " 0t Ik *“*« ™p 0 n»n« lb„„ 

F*-"~ thst - *•.‘57 ««he.« K£“E 

intercourse, customs, religion, poetry, and especially fine art i 
urdutecture. They exhibit in nearly every work nf J J ,, L - 4111,1 
and its idea The visible forms are the reflex of the divine'" TiT* 
behold the divine in the various form.* which thev f^hLl T '° y 
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bounds. 17 Sinoc the most ancient periods the extent of this vast Ein* 
pi re has been enormous. Long before the birth of Christ the Chinese 
carried their policies to far distant Turkestan, mu] even to the shores 
of tise Black Sea, and sent large armies thither- The conquest of 
these regions required lime, engendered patience and consideration of 
resistance, and developed political Uct and wisdom* 

Luo tze, the reputed wisest man of China, recognised that the re¬ 
lationships are stronger than mankind. 

These characteristics guaranteed an orderly government in China 
projjer, the land of the present IB Provinces* It was here always 
necessary, and still is so, to reckon with great distances and to plan 
months and years ahead* Imperial orders and the reports of officials 
are long en mute. The constant changes of officials oblige them to 
travel for months, thereby acquiring a knowledge of their country 
that few of us have in the same degree of our own land. In thus 
traveling, the varied topographical features of the country slowly but 
surely make their deep impression. They may journey for days across 
plains, then along a river, then for 10 days over mountains and bills, 
and finally over fields and plains for G days—always in intimate con¬ 
tact with the varying population, high and low, thus becoming 
acquainted with the advantages and disadvantages of each region, 

The Chinese are thereby well acquainted with the concept ions of 
time and space. This manifests itself in their architecture. They 
have developed an architecture which in its ground plan* and land¬ 
scape is unknown to us* The most significant structure in all the 
world is the well-known Great Wall of China. It must he regarded 
as a whole, a unit, which shuts off the entire north ugainst Mongolia 
and Manchuria. All the famous Egyptian Pyramids combined ran 
not compare with this work t which is the most skillful, the most 
monumental, and at the -name time in the most picturesque manner 
adapts itself to ragged precipices along the mountain ranges and 
presents a view of the grandest outlines. 

The imperial palace in Peking to the most extensive in the world. 
Scarcely a temple has ever been built as large as the Temple of Heaven 
in Peking, or us large as some of the other numerous important 
temples in China. The palaces of the nobility and the wealthy, 
even the dwellings of the middle classes, are extravagantly spacious 
and roomy. The building* of the imperial tomlra and the temples at 
Jr hoi are of most imposing magnificence. The Chinese playfully 
bring points into correlation and features of nature, rivers and 
mountains, separated from one another by miles, to unite them in 
the expression of some definite idea. 

One of the most definite expressions of this prevailing Chinese idea 
of unitv is given by their groupings of all buildings symmetrically 
around the axis of the meridian, the north and south line. This is 


544 


ANNUM, REPOST SMITHSONIAN INSTITUTION, 1011. 


miambU. whenever possible. The main hall in which, the prince site 

?" T. ^aim his guest, or the god in bh temple, is 
miarinbij aligned to face the south. The lord faces the midday sun. 

, 7 Ci ' ieS nre hk rT iaid «* a] ^S the meridian line accurately, 
and. « here natural obstacles intervene such as a mountain, a river, or 

, f !' ,Gr ®P ec ‘‘ d considerations require the city walls to deviate 
ami take some other direction, yet the axial line is always main- 

dweUiugi^k* luer,< iaft m aiJ * he temples, government buildings, and 

C^iina has often changed its capital. The Empire has been ruled 
fir.fi, the Ungtze, from Honan, and Shensi; but for Jong ages, even 
before the Mongolian dynasty, they have always ^turned to Peking, 

™ i eS * n * 10 ° XtMtnc ,lorth - This of course, mainly due to 

£^7! "? 5 ** kn0Wi ^' the iJpal importance which is 

atti i bated to the Lne of the snis, we can appreciate the exalted notion 

of conceiving the Emperor ns seated on the dragon throne in Peking 
and turning his gaze southward along the meridian of Pekin*- over 
i be entire Empire, when at the New Year festival, or on the Em- 
Jicrora birthday, all officials and many of the people assemble at the 
iame hour m all tin* cities and villages to kneel before his altars 
throughout the Empire and offer their homage, looking north toward 

.I 1 , , h<J £" , of ,^ ca ven - C ’ Iaim f o{ nature, the political development, 
a id the ldeaUlI agree and assist in demanding and deepening this 
.outwent, us natural conditions, political evolution, and ideal 
conceptions answer one another and form a combination. The world 

ZEST* r. Mj 11 mirror of ''«&&* which in our world 
oblefformuk *** ™ ** t0 Hnd J* tow change. 

Before considering the details of China’s idealistic culture it U 
necessary hm to refer briefly to certain external conditions and rela- 
tions which have contributed to those grand conceptions of the unitv. 
The population of China is constantly fluctuating, and it has 

flhvajs m i Albs,on to the wars that curried great 

masses of men and women as far as Turkestan. These ware prevailed 
for long periods and were repeated at certain intervals. At limes, 

M during the Mongolian sway, intercourse with the western eoun- 
^nes> reached a certain climax, but it was constantly lively. The 
Chinese have a tendency to emigration, probably greater than we of 
to-day. For ages they have been colonising and invading foreign 
countries for peace or war. The south was colonised in historic 
times, while northern Chihli 1ms ony been colonized during the ™=t 
wo centum* in a methodical manner. During the past five vLi 

£2STI » T iemat T y **** in Tibet - 

European press has only recently sounded an alarm thi- 
ceeding, it go® to sliow how news is really only relatively new! * ” 
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Domestic wars a ad insurrections Imve repeatedly mixed the people 
of different parts in Chinese history, which in its vicissitudes equals 
our own- The migratory instinct has also contributed to this unifica¬ 
tion. According to Chinese records, the Province of Szech’uan was 
decimated at the beginning of the present dynasty to such an extent 
that only 1 in 10 survived, and it is now inhabited for the most part by 
settlers of other Provinces. Here One finds n greater variety in the 
styles of dub buildings than anywhere else, with the possible excep¬ 
tion of the Province of Kuaugsi, in the capital of which, (vueiiinfn, 
nearly all the inhabitants are foreigners, During the period im¬ 
mediately before the New Tear festival I daily parsed small mer¬ 
chants, mechanics, and day laborers traveling to their homes in 
Hunan for the festival weeks. This custom prevails throughout 
China, and similar scenes are witnessed everywhere. In Shantung 
the people constantly travel to and from the. Liaotung Peninsula, 
along the sea coasts and on interior highways. The trains on the 
recently built railroads are always overcrowded, and the two small 
steamers which ply between Shanghai and Xingpo daily transport 
severs 1 thousand Chinese. 

Tire merchants of the Shensi Province have a monopoly of banking 
silver and copper throughout a greater part of the Empire. They 
travel everywhere find finally in their old age return to their homes 
with their acquired wealth. One part ten lar city in Chekiang usually 
furnishes (lie subaltern officials for the mandarins of several Prov¬ 
inces. Other well-known towns, often inconsiderable in size, furnish, 
in addition, singers, actors, certain classes of artisans, and tradesmen. 
These all leave their homes to travel and usually return Ip ter. 

The ancient decree forbidding the appointment of higher officials 
to offices in their native Provinces, not to mention their native cities, 
was for the purpose of making the Government independent of per¬ 
sonal influence and of attaining uniformity. 

Traveling is habitual in China- Car drivers, muleteers, boatmen, 
and carriers readily contract to start immediately on long journeys 
requiring months of travel- A journey to remote Turkestan or Tibet 
is regarded us a most commonplace undertaking. The Government 
requires this readiness to t revel of all officials. A high official in 
Ch’engtu received orders to proceed to Tibet for n long period of 
years and departed within five days. 

The ancient classical examinations, which have now ceased, prob- 
iiblv forever, also contributed to this traveling Instinct. Hundreds of 
thousands of students annually traveled to the examination halls of 
their districts and the capital cities, while thousands of them went on 
to Peking. In weary journeys they learned the country; they acquired 
strange customs liere and there and diffused them abroad. 

38734°—a* 1511—33 
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Priests uml pilgrims, Buddhists and Taoists, are met on the road 
throughout l he empire. Thsy wander from temple to temple, staying 
for a time here and tltere, and tliere is scarcely an old and ext*ric‘iiced 
priest who has not visited all or at least most of the holy mountains 
and the famous religious place* Finally, scholars, poets, painters, 
and other artists (frequently combined in oue individual) all travel! 
There is no one among the famous men of China of the past or pm* 
ent who has not traveled over the whole countiy. This is still the 
case. On Ouieishan. 3,300 meters high, I met a certain Han-tin, who 
had climbed up there to meditate, study, and compose poetry. In 
Sisech'itan 1 visited the memorial temples of the most famous poets 
of the rang dynasty in the- eighth century, Li Tnt-po and Su 
Xuog-po. * Wnij shown the place where the former of these had 
lain drunk on the mad, and! Inter I sailed on the Tungt'ing Lake 
and I he Yangtze liiver, where the latter poet hud sailed alone and 
I idled and com posed poems, flits memory of these great men of the 
past is as fresh as ever. The smallest boy learns their stories in 
school. Stories in regard to them arc recited at home and among 
friends. Professional story tellers choose their deeds for their 
themes. In the theaters the known pieces arc acted. In this way 
the tales und events become the common property of the nation, from 
ihe coolie to the highest personage. The classics arc learned by 
everyone who goes to school almost by heart. The paintings repre- 
stmt well-known things. The temples and houses teem with carvings 
and inscriptions which refer to famous deeds, men, and thoughts; 
and everybody fwls e verywhere at home. 

An important item is the fact that until quite recently the daily 
newspaper was unknown in China. Almost all information was com¬ 
municated orally. In comparison with us, the Chinese seem to talk 
incessantly, A rumor or report spreads most rapidly in everybody's 
mouth, and he who is convinced that the spoken word is more alive 
than the written word will appreciate the culture of this folk in their 
lively intercourse, in contrast to our, which more and more emanates 
from the study desk. 

China has thus been developed to that uniform individuality in 
which we find it to-day, not that ihere is a dead uniformity in all parts 
of the Empire, Them? is a proverb; 44 Go a mile and speech changes j go 
10 miles and the customs change," These changes are first noticed in 
the styles of buildings, then in the dispositions of the peopie, their 
mode of life, their agriculture, clothing, and food. Differences in cut- 
tore are found prevailing in different regions, the north with sis Prov¬ 
inces, the Yangtze Valley with five, and the south with six, including 
the seacoast Provinces of Fukien and Chekiang. Sredi’uan is in a 
class by itself. This Province is by nature divided off by mountains 
and has developed its own peculiar culture, imaginative as the in- 
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lenatfied elegance of Chinn, It is proverbial that poets originate 
here, and truly the beauty of the landscape and of art is such that one 
almost must Terily become a poet. A proverb says, “Soldiers come 
from the north, and scholars from Hunan,” with reference to the 
ancient school in the capital, Changahnfiu For many reasons two 
cities are special centers of culture; one of these is Peking, in the 
north, the other Canton, in the south—the two poles, as it were, of 
China, 

Thus there is enough of variety, even in going from Province to 
Province. This also holds good for certain districts within the Prov¬ 
inces, But there is a common trait everywhere, and it is not only 
unitv that meets us* but there is prominent the broad view, the wide 
outlook in appraising all relations which for the Chinese resulted 
from the nature of the country and its history. This feeling finds 
expression also in their con¬ 
ception of the universe, in 
their religion, which can be 
read in nil their works of art 
and all other forms, and 
which constitutes the common 
inheritance of the people, the 
soul of their culture, their 
even at present still classical 
art. 

Only in China and in no 
other country one sees a world 
conception, s philosophy, em¬ 
bodied in visible form. One 
secs an architecture that is a 

direct expression Of this COn- 1,—Thr d™tnp of the dual pfliitflilfls in>3 Uvfl 

f . dgtUrljfiitai. 

cepiiori, n conception formed 

of the universe and its moving forces. Thus they have found it 
possible to express the idea in a visible concrete form* 

In the year 600 before Christ, Lao tze^ the older contemporary of 
Confucius, taught: w From one come out the two, from the two come 
out the three, and from the three the ten thousand things—the whole 
of the physical world/ 1 This is ilJustnUed in the diagram which 
already in his time belonged to hoary antiquity. The center consists 
of two fob-shaped forms that represent the male and female prin¬ 
ciples, But besides these two there is a third, the surrounding circle 
itself. This is the highest, the Tao, the eternal way Leading to perfect 
virtue, the pole of the entire visible and ethical world, the compre¬ 
hension of existence, the eternal, which prevails in all phenomena— 
unity. How the various philosophers have designated it lu their 
systems is immaterial. It is everywhere postulated as the Eternal 
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Truth and as the essence of tilings. It is after nil nothing else than 
our conception of God. 

In this unfathomable first cause two forces are acting, equal and 
oj}p(witC| above and bciow) white and black, but supplementing one 
another to establish that unity which they constitute and are. being 
inseparable from it and from one another. This is the male and 
female principle. It is the active, creative energy, conceived as two 
and aulsseijuently embodied as the dragon. Thus, from one we have 
two, and from three, the triad, the trinity. 

The masculine is distinguished by one stroke as odd and the 
feminine by two strokes us even. The combination constitutes an 
element, to which another stroke is added, to designate the divine 
existence of the Tno, so that a triad arises. These strokes are varied, 
interchanged, and repeated to give right variations, the masculine 

nr the feminine predomi¬ 
nate in each of the varia¬ 
tions, they never balance. 
This number 8 forms the 
harmonic basal number for 
all further philosophical 
investigations. The entire 
universe is represented by 
the eight elements^ By 
mathema t Seal menus the 
world of phenomena i» thus 
delineated in its funda- 
menial constituents. There 
are no more either on the 
surface or in the theory of 
numlwrs. The multitude 
of the other phenomea is 
formed by the combinations of the elements. iVhen doubled to six 
elements the resultant is the number (VI as in the accompany illustra¬ 
tion (fig. '2}. 

One must closely study this cogent metaphysical interpretation of 
tlic number 61 to comprehend the profundity of chess, by which we 
also endeavor to find live eternal truth, that round central figure which 
gives the solution of the riddle. But as every chess plnyor knows 
that a perfect game docs not. exist, likewise everyone knows that this 
ideal, perfect truth, is forever unattainable in this life but is always 
effective in tile various endeavors to utluiu it. 

The Buddhist conception here accords with that of the Chinese 

Tho Buddhist triad shows Buddha between the two main radiations 
of hk being. To the Chinese mind this trinity signifies, in the renter 
merely a personification of the essence of things and on die side- the 
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two forces, there active, which rule the world: thereby closely ap¬ 
proximating the thought in the round central figure of the trigrams. 
And when one is convinced that in life as well as in nature, in the 
conflict of two forces, absolute wisdom and truth are forever unattain¬ 
able, then this triad represents the commonplace but profound ex¬ 
pression, “Truth is in the middle,” The reality is only tbo reflex 
of the Divine. The chief priest in the temples loves to be depicted 
with two other priesLs, fully tt ware that this will convey a living im¬ 
pression of the triad, I saw this in many temple?, one, for instance, 
in tliat of the southern sacred mountain Hengsbun in Finnan, which 
is SMK) meters high. 

From another point of view, that of the four cardinal points, north, 
south, cast, and west, the world is divided into four parts, and by 
subdividing we got the number 8, the number which in the preceding 
was obtained in another way, ami, further, the number 16. These 
rhythmic numbers were known to Buddhism, tno, which at the time 
of the birth of Christ penetrated China nnd amalgamated with 
Chinese thought Besides Buddlm there are 4 great Bodhisatvos, 
making together 5; and we find 5 great Buddhas during one period. 
The Chinese not only reckon with the 4 cardinal directions but also 
include the center; that is, they reckon with 5, In the diagram of 8, 
if we include the center, we have 9. The Chinese have embodied this 
number 9 in tlwir god of eternal life, Shouhsing and his S genii, the 
Pd Hftien. 

A famous statue of this god of longevity represents the symbol of 
eternity by die well-known 8 trigrams in the center of a plate which 
he holds in his hands. 

The well-known 8 trigrnms are displayed on the wall ltchind 
the statue, together with the sacred numbers 1-8, The symbol is 
called T'at-dii-t T u, the drawing of the high majestic pole of life. 
This image of the god in its coni|X£uion is of a very special style; 
tiie massive cranium indicates the mass of wisdom concentrated in the 
high forehead of the hoary god. The white hair, beard, eyebrows, 
and mustache express the great age of the god, who is practically 
identified with the wise Lao-tze. 

The statue is placed in one of the most beautiful temples in Chins, 
at Ktiiin-bsien in SzecU'uan. The temple is dedicated to Li Ping, an 
eminent hydraulic engineer, who by his clever skill, at about the time 
of the birth of Christ, corrected the mighty Silo liiver, by conducting 
it through hundreds of canals over the plains near the capital 
Clrengtu, by which be converted a dangerous swampy region, that 
wa- overflowed, into the most fruitful and richest land in t hintt. 
The temple is built oft a slop* dose by the river. The main hail 
shows Li Ping deified, with the statue of the god of longevity far¬ 
ther back, to signify that this great man emanated from him and had 
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his P mfoun d ^™r by which he was ena bkd .o ix-i form 
(bo great deeds for winch he wn* entitled to the perpetual gratitude 
of the people. * 

Tiie god of longevity and his eight genii are everywhere repre¬ 
sented throughout China und play an important part in the daily life 

Ud. fl). A table with eight seats is designated as “the table of the 
eight genu ’ (fig, 3), 

Reception halls are furnished with four tables, each with two seats- 
that is, again, eight in all. At the end of the hall there is a hlmdsomo 
broad sofa, for the two most distinguished guests, representing the 
wh> principle, male and female, which are inclosed in the circle, 
f* of eternity, purity, highest wisdom, and truth some 

handsome article is placed in the axis of the room; u vase, a niece of 
mystic carving, „r a mirror, a handsome picture, or written sentence 

,a " Ti tllL ‘ WaJi - These make an exact representation of the 

aacred number 9=S plus I. Ancient China had 9 Province, that are 
represented by bronze vases. Present China Inm Provinces, 

that are often identified will, the JS I^han, the disciples of Uuddhn. 

1 1J "' ancient symbolical number 9 constantly recurs in their archi¬ 
tecture; for example, the altar of Heaven at 
f eking is so constructed that the two uppermost 
platforms consist of rings of free .stones, each 
divisible by 9 (0, IS, 27. etc., fig. 3), 

Besides this, one is constantly finding com¬ 
binations of 3 and 0, 3X3-9 is very much used 
in the temple pl H ns illustrated in figure G, that 
shows the ground plan of a temple in the renter 
of which the sanctuary is placed. ■ The reverential 
approach ,md adoption before the gods is the 
temples consist of a kowtow repeated 3X3=9 times. The numbers 

1 ° rS n T *" saj deducted from the ground number. Five 
diaiblvd equals 10, combined with the male and female. The four 
quadrants, each divided into three parts, combining the energetic 
syhteiu of 3 with the harmonic system of 4. as 3X4=12; by further 
multiplication and combination we have 24. GO, and 3GO, the degrees 
of the circle which was known to the Chinese ages ago. Ev such 
division of the numbers there results from the diagram of 8 the 
countless variety of phenomena tlmt are pereunified ns gods and 
placed in t lie temples and houses to represent ideas, 

Tim is a wide, special field, and here attention is invited onlv to 
the rhythm that is derived from the theory of numbers ' 

These cumber* tlmt may he .said to be derived purely mathemati¬ 
cally the Chinese are great mathematicians) are confirmed in nature 

as duality of sex. two eyes, ten fingers, and their re] at the visible 

order of the umveree. the months, the zodiac, stare, etc, that introduce 
the lacking mimbere G and 7 with their cosmic significance Thb 
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consideration is rtecessar v to understand the rhythm of Chinese cul¬ 
ture. We a tv reminded of die system of Pythagoras, in which mini- 
hers represent the Intelligence of the world. HU system may be ex¬ 
plained siml understood by the Chinese system which I shtill designate 


ns the cosmogonic numbers. 

Tin. 1 pagodas, that stand out as isolated columns* are well adapted 
to represent the number 4 of the gods, or that of 8 or 1G. Their in¬ 
terior til ways contains an image of a Buddha or a sacred memorial of 
him l hut embodies the conception of the world, and around which 
the other gods arc merely grouped, 

A marl do pagoda in Canton, erected about the middle of the eight¬ 
eenth century, has four sides, 
on each of which, indicating 
the four cardinal directions 
there are the great Bodhi- 
salvos riding a lion, an ele¬ 
phant, or other symbolical 
■ntmili 

Another beautiful pagoda 
is on the island of Pu46-sharu 
It was built at the latest dur¬ 
ing the Ming dynasty, and it 
I& a clear, vigorous presenta¬ 
tion of the rhythmic number 
of IhiddUns on its four aides. 

The octagon Li 1 great pagoda 
in T'ien-ning-sze at Peking* 
dating from the Mongolian 
period, y covered with largc 
reliefs in stucco, and is highly 
onui ment ed w i t h o I n 3 M>m tely iio. a— 11 nvr^ ikm Lait, wii h ]wi,^ wfr, iflitr 1 ^ 1 * 1 *$, M 
sculptured tiles* The small 

entablature carriers tire very natural) carrying cornices after the 
manner of Atlanta, 

Sometimes four pagodas surround a central pagoda* The Emperor 
BTiandung in 1793 built an imposing group in memory of Punches 
Einleni Lama, who died while mi n visit in Peking. It is entirely of 
marble and very elaborately covered with ornamentations and sculp¬ 
ture, The central structure is on r high terrace surrounded by four 
himII octagonal columns* The rhythm of the numbers is repeatedly 
represented in its relation to religion. The most important of th^*e 
marble pagodas is that at the temple of Pi-yim-szc, previously men¬ 
tioned as one of the most beautiful temples in China. It is situated 
near Peking, in the western hills, with numerous other temples Unit 
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form, as it were, a glorious crown for the capital of the Empire. The 
approaches to the pagoda, which vreto also built by K'ien-Wg. lead 
through u marble gate. The spires of the pagoda then appear 
visible in the distance behind u second gate. The marble structure 
stands upon a high platform and is most elaborately covered with 
ornamentations and Buddha reliefs, and carries on top five four-sided 
pagodas. Here there is a cypress tree, with nine sacred branches, 


that was planted by the late Empress-Dowager with her own hands 
The buildings are in a dense grove of cypresses and pines, amour 
which a species of pme, the Pinut bvngmna. (hat has a snow-white 
bark. In the soft moonlight this grove is enchanting 
The ascent is by a wide staircase, the Buddhas greeting from above 
Comfortable steps lend up into the interior of the building 1 0 the 
uppermost terrace on which the pagodas stand-one in the middle 
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and the others at the corners. Hie numbers 4, S, and 10 are apparent. 
The four great Bodhisatvns sit on the sides of the centra 1 pagoda, 
while the 4X4=14 surfaces of the four side pagodas have the lfi 
disciples In the course of time two were added in China^ and they 
now have 2X9—18 disciples of Buddha— a numlier that has a more 
profound significance for the Chinese. Here and there they have 
erected temples for as many as 500 disciples or Lohnii. The bronze 
umbrella that surmounts the central tower on the terrace is pierced 
to display the eight trigrams between clouds, finely alluding to the 
order higher up m the air. Two bottle-shaped pagodas also stand 
on the terrace; these have bottle-shaped bodies, representing the soap 
bubble* indicative of the frailty of life, Bui,* m symbolical of eternal 
life, lovely Buddhas are throned in niches with lotus Bowers; the 
overhanging soles of their feet rest in lotus sandals so as not to come 
in contact- with the imperfect world* 

The idea of sanctity in the interior of a pagoda has been* it is 
allowable to say* translated into practice, by placing die mummified 
gilded remains of a chief priest in the interior* as was done in the 
beautifully located city of Kktingfu in SzeelTuan. 

The important temples are preferably threefold. They have three 
parallel axes, again expressing the trinity in architecture* The 
entrances to the Confucian temples and the temples in the sacred 
mountains (pi. 3) are threefold. The middle opening faces the 
xk<hi btj the pathway of the ghosts, tliot one dare not cross, A strip 
laid off in the pathway is inlaid with dragon plates, as a notice that 
only ghosts pass there. Even the Emperor must enter the Temple of 
Heaven by the eastern entrance when he goes to sacrifice to his an¬ 
cestors and to Heaven. The middle is the incomprehensible, the holy 
fas it lies inclosed in the circle), the perfect, about which the two 
principles, male and female, contend. These conflict mg forces of 
nature arc embodied in the dragon, the national emblem of China. 
This is also conceived as double, male and female. In a celebrated 
ever-occurring representation two dragons arc shown playing with a 
pearl. This motive is very cleverly executed on a bronze table of 
the Ming dynasty, in a temple on the summit of the sacred mountain 
Omeishan in Szeehiian. The dragons play with the pearl, the image 
of the highest purity and perfection. They play with it but never 
reach it* 

The dragons are the embodiment of the male and female force. I 
wish to emphasize that this dualism has nothing to do with good and 
cviL It is the symbol of life, that the conflict of two principles does 
not permit perfect truth to be attained. 

The combined beauty and artistic strength of this composition U 
repeated in a Confucian temple in Szsechhian. Two paire of dragons 
are coiled upon the balustrade of the great bridge that crosses the 
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semicircular ritualistic pool; they look toward the center of the 
pathway of the ghosts in the main axis. This pathway h a silent, 
unspoken idea, related to some religions, in which the mime of 
the highest Being dare not be mentioned. No steps lead tip to the 
elevated hall, these arc replaced with nn Inclined marble slab that is 
splendidly engraved with significant scenes (pi. i, Jig. g). 

I^o-ye is known as the god of war by the Europeans, as he was u 
renowned general. But for the Chinese he Ls the god of excellent 
life conduct, of tried faith, and an ideal of these virtues. The two 
dragons are depicted as playing around this image of perfection, on 
die back wall of the ultar in the home city of Lao-ye at Kni-clura in 
Shansi. It is a repetition of the expression of the struggle for highest 
perfection. Tills life-like statue of the hero from the golden period 
of ( hitin's knights, that of the three kingdoms, is special)v honored. 
The image appears to lie reading the CVun ch‘iu, the fifth canonical 
book (p|. 4, fig, 1). 

The dragon gate remain? to be mentioned. This is the entrance 
to perfection. Whosoever crosses by the pathway of the ghosts— 
whosoever knows that the two principles of the gate are for the 
apprehension of the eternal—for this initiated one the door of wisdom 
** opened. It in said of a student who has passed his examination? 
lluil he has passed through the dragon gate. He has the pearl of 
perfection or is identified with it. 

It is said M The fish rushes through the dragon gate.” Formerly 
a stupid, ignorant, dumb fish, but after having passed through the 
dragon gate, he is changed into a dragon; that is, a being of iilteilect 
and power. That is done by the divine breath of the powerful 
dragon in the clouds in the air, which blows Ins animating breath 
through the dragon gate. In the swirl of waters between the cliffs 
and rocks, the carp swim around to partake of the enlightenment 
(pL 5, fig. 2). 

I hey are not content with two dragons, but multiply them as there 
lire forces and phenomena. The most naturally increased number is 
8, corresponding to the eight trigrams. Beneath a vaulted roof a 
dragon coils, around each of the supporting columns, struggling 
toward Ihe center from whose swnith the divine pearl of perfection 
is suspended. 

The dragon always represents something thoroughly good, while 
the serpent something related to the demoniac, the incalculable and 
in opposition, os if belonging to die devil Mephistopheles, but’ it is 
not in any respect wicked or evil of itself. It is combined with 
the conception of the dark kingdom of the nether world, as is con¬ 
ceived in the celebrated entrance Fengtu, on the Yangtze in S?.e- 
eh uim. This mountain has a mysterious opening near its summit 
which is the entrance to the world below. It is covered with temples 
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for nil the different kinds of gods who have l>ren in any maimer asso¬ 
ciated with the other world* Otic of these temples enthrone the ser-' 
[jeiit king. Eight serpents coil nround the col umn s before him, and 
one 1 1 [tugs down from the middle. This is in contrast with the eight 
blessed dragons with the pearl, os in the temple of Kuanyin, the god¬ 
dess of mercy, on the sacred island. Pii-t6-shait* in the extreme east. 

In this manner t he embodiment of the numbers 3. 8* and 9 may be 
developed to ideally represent the infinity of phenomena. This idea 
k embodied by the impressive auricle of the Buddha with his thou¬ 
sand anus and hands in the temple of Great Lamentations at 
Taiytianfti, the capital of Shansi. Everything in our physical world 
as separated from the pure idea of the divine alid from ihe true nature 
is imperfect, piecework* and fleeting. The Buddhist says that the best 
feature of matter is its trend tori ness, AH creatures may groan and 
bewail their existence and endeavor to become a Buddha from whom 
they dune forth m the arms of the statue* This is the signification of 
the Buddha of Great Lamentations, of whom there are three gigantic 
images in the spacious hoik of this temple. 

The rhythm in the infinity of the world of phenomena is illustrated 
by die Bnddhu in the temple of the 500 Lofuin in Suchon. lie is 
here represented with four bodies growing out of the middle and 
having his thousand aims stretched out diagonally* These arc the 
basic numbers 4 and 8 of the rhythmic world. They correspond 
to the fonr sacred Buddhist mountains, the four great Bodhisatvas 
and the swarm of gods throughout the world. 

The old Chinese teinpie# formed a quadrangle with earner turrets 
and four gates. The Buddhist thus conceives the spiritual world 
and represents it as Buddha's sacred castle. 

Buddha’s sacred castle k a representation of the concept ion of the 
world sis a whole, like a city, m the Chinese think of their country 
with its five sacred mountains. The whole is inclosed in a quadrangle 
by a crenelated wall with the round sanctuary in the renter. There 
is a gate oti each side* four in all, and a tower on each corner* Four 
guardians, or disciples, stand on each side wall or sixteen in all (pL 5, 
% !)* 

The idea of having a stronghold of faith capable of militftiy de¬ 
fense is actually carried out in Jehol Ln the Lama temple Potola, a 
copy of the castle of die late Duhihma in IJnissn. Massive walls 
surround the interior five structures, the approaches to which are 
terraced-Like fortifications to secure the bail lenient and it is u symbol 
of challenge by the shield-bearer of religion* 

The idea is developed on n grand scale in the plans of Peking and 
other large cities. The Emperor's throne is in the hall in the center 
of the palace of Peking- Numerous courts surround this palace, 
which all lie within the forbidden red city, this in turn is located 
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within the imperial city, smd that within the Mundiii city, nil being 
arranged with accurate reference to the meridian line. Each of 
them has iU gates and towers disposed exactly as those of the grant 
temples. 

The architecture of the gates and towers of such large cities as that 
at. Hsingiinfn, the undent capital of the Empire (pi. u, fig. i). i 3 
naturally dtveloped in accordance with their needs—-with three towers 
in a flight, then the two lock chambers between, nnd the hist ions of 
the city wall. But the idea is n practical expression of the accord 
with religion. These structures Lave their distinct forms nf stability 
and architectural rhythmic tone as the Buddha's sacred castle. 

Tltc warlike corner tow ers of Peking are not only for military' pur¬ 
poses. but have a religions signification and find their coutihrjmrt 
in the walled battlements of the temples in the sacred mountains. 

Peking reflects the world. The four sides of the city contain the 
temples of heaven—agriculture, die sun. the moon, and the earth. 

The Chinese regard the entire country as a rhythmic whole. The 
sacred mountains express this spiritual conception. Thera are five 
ancient Chinese sacred mountains, one each in the north, south, east, 
and west, and one in the center—again the number &. Mature con¬ 
tributes more, ns in the western mountain of Huaslian in Shensi, 
which has five slutrply outlined highest peaks that again illustrate 
the center and four cardinal directions. This is likewise the rase nt 
the Buddhist mountain Wut'aUhan. whose five highest peaks present 
on image of the uni verse, which is also emphasized by its five sacred 
colors. Each of these old Chinese sacred mountains tliat rise up 
majestically from out of the midst of the plains has a large temple 
at its foot. 

The extension of the axes of these temples leads directly across to 
the highest point of the sacred mountain, This is impressively seen 
from the Huff jin luiao tower of the sacred temple of Huasharn The 
temples are built as fortifies;] castles with crenelated walls, gates, 
and turrets inclosing the main sanctuary in its midst, with broad 
approaches through rectangular colonnades, it ml as a whole present 
a conception of the universe. 

.V brief description of the sacred mountains is of interest. That of 
T a is! i an, in Shantung, is the most eastern, the most famous, and 
doubtless the meet ancient nf all. One goddess has gradually become 
the chief goddess of this mountain. She is the most popular among 
the people. She is supposed to make excursions over al] the country, 
where she is worshiped, and &s she travels about and returns she must 
be provided with travel palaces for rest, as for the Emperer. These 
are the small temples usually consisting of merely a prayer hull, 
which is often profusely decorated with handsome glared ornaments 
and the most lively representations. I n a central circle of a gable 
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of one of these small temples there is a representation of the pilgrims 
with pious zeal stirring to make the weary journey to the summit* to 
reach the sanctuary of the goddess. The masses of pilgrims who to 
this day make these ascents bear out the realistic l ruth of Hi is =cene. 
Most pilgrims walks the rich are earned in sedan chairs. A little 
below the summit of this mountain the southern gate of heaven is 
reached by means of steep steps known as heaven s ladder. The 
mountain has four such approaches in the four cardinal directions, 
and thereby reflects the totality of the sacred mountain with the 
world or lor. The bald rocky peak is 1*500 meters high and is covered 
with temple, ancient inscriptions, and religious curiosities, T passed 
a wretched October night, unprepared for inclement weather, in the 
highest temple, where broken windows on opposite sides permitted 
the cold storm lo blow through unonmfortiildy. 

The main hall of the temple of the southern sacred mountain 
TTcngshan. in TTnnnn, shows the elegant slender proportions of the 
Province of Hunan* where they always use their favorite long slender 
stone columns. 

The serrated cylindrical mountain of western Fluashan. in Shen¬ 
si, h seen projecting from the mountain masses two days* journey 
distant The ascent is really dangerous: nevertheless thousands of 
pilgrims annually ascend it. Iron chains are fastened to it to safo- 
guard from falling from the precipice, I measured this precipice, 
which is 580 meters high in a vertical line. In June one finds a splen¬ 
did forest and beautiful flowers in bloom At the summit, 2*000 meters 
high. 

The flying clouds appear whitest at the highest peaks, and the 
Chinese associate them with their conception of the departed spirits. 
From these heights one looks down over the famous bend of the 
Huang or Yellow River, that appear* quite ns distinctly as that 
delineated on the map. 

The four sacred Buddhist mountains were obviously regarded as 
sacred in ancient China already before the advent nf Buddhism, and 
traces of the ancient sanctity are still sen on Wutfaishan and 
Omeishnn. The Buddhists then drew the old Taoists away, as they 
are now doing gradually in the southern mountain Hfoigehm The 
four mountains are dedicated to the great Bodhisatvas of wisdom* 
efficiency* the goddess of mercy, and the god of the nether regions* 
lhat mercifully guides the snuL This sacred mountain is located in a 
geologically famous region near N gun king and is of volcanic origin. 

The sacred Buddhist mountain TTnt^Uhan* in Shansi* is an excep¬ 
tion to the other sacred mountains* inasmuch ns the monastery build¬ 
ings do not gradually extend up and connect with the summit to 
reach the holiest sanctuary, but* seventy in number, are distributed 
over the elevated plateau at a height of l*fi00 meters, and surround 
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the imposing white pagoda- that is nearly ‘2.000 years old r :us chickens 
Around the hen* This is visited by Mongolian pilgrims in winter s 
when it is very cold. The mountain with its lire symbolical peaks, 
here reaches ton height nf over3^000 meters (pi. 0, fig. S£). 

The court of the largest temple ft If orris si good point of view of the 
arrangement of the temples in this mountain. Its main hall is 
vaulted in its interior anti shows traces of Indian influence on its 
facades. In the background similar buildings stand out with a num¬ 
ber of pagodas and little temples of gilded bronze with splendid 
details of the Ming dynasty which holds such a prominent place from 
un arii-r !■■ atundpoiut* 

l he Jump]© on the Omeifdmn Mountain iri Szechkiun tni.irh more 
simple* the mountain being at an elevation of 3*300 meters. The 
buildings ore made of boards with wooden posts :md board roof-. 
These temples are arranged to accommodate large numbers of pil¬ 
grims* Some of them can quarter several thousand pilgr im* s d one 
lima- The highest peak is crowned with a little house from which 
there Is bitl a step to I lie sky. 

A lifelike statue of a deceased high priest clothed m rich vest- 
ments sits in one of th© temples in this neighborhood. Probably it 
w us he who sang the praises of this moat imposing sacred mountain. 

iUnty now ajirwule aroiimj OtmUeelLiiTi penk h 
Xmv by full nutiiirmnl n^oonllj^ht t Invite 
IMj Hji-irlr h. en dHcik and rhjroe 

Witli liarnlm-i ©aue wtep by §tep I ascend tbe lilpbcsi peak 
What Jock pure wind now waft tlim-ntfi every spare! 

SJowTy I hi mine im^npe I MBcetuI to Pie buly halls Id deep ml 

PiVto-bhun in the Chusnn Archipelago, east of Kmgpo, is the sacred 
island of Kuunyin. the goddess of mercy* who in her propitious bout 
Fares all people across the stormy sen of life to the banks of happi¬ 
ness. Her temple Fa-yu-sau, where « Buddha's law dropa like ruin*” 
contains many precious relics. A handsome stone bridge forms the 
approach, behind which one see* the ascent to the highest summit. 
Her© is an inscription: “ Clouds hang over the cliffs where they are 
highest," and the thought that he who has acquired knowledge shall 
first ^hurc the grace of Buddha is ©srpressed by the proverb: Shan 
kao }i fihsng (the sun rises fir^-t on the mountain top)* 

This fine amalgamation of the reality in nature and the spiritual 
ideals is an important charneteristic of Chinese poetry and art. Life 
is only a parable* 

Tilt railing of the bridge is covered with sculptures. Pleasing is 
the scene of two she gouts fighting with a kid standing by, while a 
forest sprite on the branch of a tree comfortably observes the foolish 
struggle, Indicated thereby as that of the world. 
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An exceedingly lovely alabaster image of Kiiattyin sits in a glass 
case in the IanII of the temple* The lips, eyebrows, uml eyes are 
modestly painted with pale red and gold, otherwise the eountrimhee 
shines out clear and fine* while the figure is clothed with the richest 
brocaded vestments Here is inscribed ; 

The bears tlic mil tones of tbe heart Anil prolci’ta the suppllcmjt I tv 

bie aflUcikuL* f 

Another Kunnyiu sits on on elegant altar. She is diminut ive, but 
far firmed on account of her costliness, A part of her face and 
breast us well m neck is forme*! by u large irregular red pearl that 
is about 10 centimeters in diameter: the rest of the face, hair* and 
drapery is of pure gold. The beauty of the altar is like that of an 
altar in the ueighl Hiring city of Ningpn. This is of wrmdeful compo¬ 
sition, lavishly adorned with sculptlire, painting. and gildings and 
solemn in its effect. 

Tills elegance is also found in the dwellings. There is a narrow 
street in Ningpo w hich coat*ins exclusively modem wealthy business 
houses. Each house h like ti good type for thb class of buildings* 
The entire facade of the three stories h dearly composed. Here we 
notice the power of the Chinese line, which, however, is dissolved into 
endless details and carvings, due to their joy of li ving and the reality. 
It h the rhythm of the imposing ideal corresponding to the ehi!x>rn- 
ttbn of the details, the harmony of the macrocosm and mkrocosm* 

The tomb of the high priest is near the summit of the highest 
mountain on the island Pti-t6-shan, an auspicious location, with a 
beautiful outlook over the numerous islands of the Cbu^nn Archi¬ 
pelago* Here the soul of the priest hovers invisibly intangible as a 
while cloud and hither he returned ns to his home* The tomb is in¬ 
scribed: fci The White Cloud has returned*” The Chinese have a 
special expression for the poetry of nothingness and the state of 
being entirely absorbed by Nature: Kung hsiany (empty thoughts)* 
Another inscription on this tomb very beautifully expresses the 
charm of solitude: 

There la but one cloud on I he mountaEn, 

High above the sea the uimm kec[tft the rbErd watch. 

There are nine mountains in aU, and the number satisfies the occult 
sense of the Chinese, who do not make any great distinction between 
the two classes of mountains* and speak of them as mi yo *ae ta miny 
&kan (the live sacred and four large famous mountains)* They are 
the foci of religious thought and its manifestation. I saw but six, and 
sought to visit all, but my time would not permit, I must regret 
like the Chinese traveler: 

Bat yet l an not vi#|| all tbe maim mini, 

I must return to the tnou&lala of tny hotae- 
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A Chinese regards the mountains ns the fathers of things. Me is 
right even according to our conception. It is u self-evident fact that 
I he- plnin-s originated from the mountains, that the ground upon which 
ire work and Jive was formerly on them, und we thus derive our life 
and powers and soul therefrom. This fact is perhaps more a reality 
in C hina to-day than with us. The constant inundations of the pin ins, 
the country inclosed Uy the mountain ranges and in the numerous val- 
Icys. raises the level of the land annually. In Shantung and Honan, 
Ihellusmg. the dreaded Yellow River, the constant sorrow of China, 
still lies higher (Inin the broad expanse of the plains; and a catas¬ 
trophe which will almost equal in damage that of GO years ago may 
be predicted. The land is constantly in motion and demands mi* 
remitting labor on the part of the people. These geological facts and 
i it 1 constant changes have their effect upou the Jisposit iou of the en¬ 
tire people and make the stories of Chinn’s torpidity appear as fables. 

hvery Chinaman is conscious of the fact that the soil of the earth 
originally came from the mountains, to which lie looks up with 
reverence. They wore (he fir^L recipients of sacrifices. Buddhism 
personified the mysterious forces, and thousands of Buddhas are 
carved on the rocks. During the Tung dynasty, 020 to i>07, China 
was covered with such images. Countless Buddhas arc carved on the 
most prominent cliffs that characterize the landscape, the course of 
a river, or a great highway. One of the finest examples of this kind 
is seen on the projecting cliffs on the kia-ling River at Chno-kua in 
Szech’uan, 

I his idea is very dear to the Chinese, who regard the mountains 
as the source of life and that which animates the spiritual forces 
which fashion our life. 

The import of these rook carvings is best recognized neor the dis¬ 
trict town Tfuang vuan-hHien, in the northern part of Sssedi’unn along 
u river. A magnificent Buddha with his train and other represent* 
tions of the gods of colossal dimensions, are carved on the cliffs on the 
opposite side of the river, alongside of which there is a temple. This 
image, as something divine and enternal. looks across the river upon 
Ihc town that stands in his jurisdiction, and endows it with the 
sacred forces of the mountain (p|. 7 , fig. 1). 

A cave near Peking is covered with numerous small Buddhas—sur¬ 
rounding the dying Buddha. The caves are inhabited bv spirits and 
saints. The Chinese written character for the word spirit Li a com- 
binatiou of the characters for man and mountain. Chinese historv 
is full of the sayings of famous men. sages, and priests: V 

In life’s evening wIif-d duty la performed 

He went to the umtiniultih nod been me n opi rlt, 

What profound sentiments, what poetry and emotion is found 
to prevail in the numerous temples of the mountains, that are em- 
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bedded in the midst of n wUderaese of rocky cliffs with dense sacral 
groves* whit precious hours are passed there far from the tumult of 
the world! as is inscribed in the words: 

The waters rush Ground* 

Tht? mutiiiLiiliifl form u wreath, 

TUe i<oly here wish t& while; 

The najon shines clear. 

The wind blows pure. 

The wise here militate. 

The. priests, who see deeply into the soul of nature, liuve naturally 
selected not only the most beautiful sites for tine temples but have 
furnished them internally in a manner that b only comparable with 
the European monasteries of the Middle Ages. 

For several days I dwelt in the temple Miao-tai-sze,, n most charm¬ 
ing residence in the Tein ling sham the remarkable mountains of 
south Shensi, mum days’ 1 journey remote from any great city (pi* % 
fig. 3). The guest house that was placed at my sole disposal is con¬ 
nected with a temple built in honor of Changliang, the great Chan¬ 
cellor of the first Emperor of the Him dynasty, 300 B. C- He is still 
remembered and to this day regarded as the protecting spirit of this 
region, where he wus born and whit her in his old age he returned. 
The place is surrounded by mountains that tower above the valley 
covered with forests inclosing a grove of bamboo, cypress, and pine, 
where one feels most impressively the charm of solitude- The poema 
inscribed in this temple should l* b read on the spot: 

The luofla lighten* the pure pfnes H 

Whisht i he jwIuiik drapon ti™i» mid v^vl 

The wind carries ioreuse uji the luouaLnin, 

Where holy spirits Juy fully return* 

And further t 

lien* vulptir noises an* not benrd. 

Here (two] I a few days, and I bo place 

Becomes your sacred homo. 

Similar scenes abound over all Chinn. Ancient temples with beau¬ 
tiful pagodas arc found in the woods or ll midst the mountains. The 
main hulls of these temples contain images of Buddha’s disciples that 
are artistic and lifelike. 

■Real rotfk temples play a large role in China because of the pro¬ 
found religious association with the mountains. Hienshan, an iso¬ 
lated massive limestone mountain, rises majestically from the. rolling 
landscape and is torn and broken with many ravines and caves. It Ls 
south of T’aiyuanfu in Shansi and is thickly covered with trees. In it 
the largest temple consists of about 30 buildings, all under overhang¬ 
ing cliffs. The great cave resembles the Cave of the Winds at 
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Ningnra Fails, and probably bad a similar origin—from a waterfall. 
Pilgrims visit this place only once a year* but then in large numbers. 
The few priests generally live alone, shut in from the world* and thus 
become hermits* Many of them live in small huts or eaves some 
distance from the monastery, as is still done to-day all over Chinn 
{pi. s, fig. i>. 

It therefore seemed natural that the eighteen disciples of Buddha, 
the Lohan. should be represented ns n type of anchorets, in one of the 
temples iit Omeishan, This is a celebrated type of these images 
modeled after those in a temple in Nanking. It occurs more fre- 
qoeetly in the marble pngoda of a temple on the IVest Lake of Hang¬ 
chou fu. that fortunately escaped being destroyed in the Tuiping re¬ 
lic] lion. This has sixteen sides, agreeing with the original number 
nf Buddha's disciples. It 5s vigorously decorated and tastefully com¬ 
posed: the images of the disciples are carved into the panels and con¬ 
ceived as anchorets. 

The tombs, in view of the association with the sacred earth, are in¬ 
variably located on the slopes of hills, where least liable to be de¬ 
stroyed by natural causes. This mode of building is suggestive of 
the idea that the dead have returned to the mountain from which 
all life emanates. In China the tombs have the finest architecture, 
occupy the most conspicuous sites, and are built with most extrava¬ 
gant art. Tlie facade, of a family tomb in western Sstedh’uun is an 
example of an effective artistic arrangement in imitation of wood 
architecture. To mb stones are placed in front of the facade, and in 
front of these they have the genii tables of eight stone ^eats to serve 
for the feast of lim spirits on certain sacred days (pi* 8, fig. 2), 

In this vicinity I discovered the remains of a tomb that was built 
in the period of the Han dynasty. Tomb® of the Han dynasty were 
described by Cbavannes and hitherto were not known outside of 
Shantung, The pillars of the tombs arc similar, but the difference 
in art between Saech'uan and Shantung 2,000 years ago, wa** consider¬ 
able. An earnest and severe art characterizes Shantung, while here 
the need for genre ntid life is revealed by the crouching figures in 
the corners and the lively relief design* between the console®. The 
difference in the art in the different Provinces can here hut brieflv 
be alluded to in this one instance. 

The much praised beauty of Szech'mm is revealed in many nf the 
landscapes of burial grounds that arc emphasized by arrangements 
of cypress, cane, and the terraced slopes forcibly accentuated by 
a single tree at the summit, 

The Pailous. or honorary gateways, are memorials of the departed 
that are to be seen on all the highways m China, chiefly in Shantung 
and Szechwan; in the latter they are generally built of red sand 
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stmw* The vigorously waved roofs and comers give outlines that 
are often capricious but the harmony of the whole is maintained# 

A quaint gateway in Wuch’aufii, near Canton, is built somewhat 
with Indian taste. Upon close examination the confused sculpture 
is solved and reveals elegant and finely wrought allusions to certain 
definite events. 

In Sieclfuun the idea of a gateway-arch is frequently employed in 
the development of facades fur temples and dwellings. Every thing 
is lavishly sculptured and painted. The edges uf the pilasters arc 
artistically composed of a mosaic of small blue and white piece* of 
porcelain T with brilliant festive effect. 

In Szech'uzm, more than the other Provinces, the natural beauty 
of the fields and highways is frequently enhanced by temples, bridges, 
and alters, which arc affectionately remembered by Chinese in foreign 
countries. The Tu li altars appear everywhere, that is, the little 
roadside temples dedicated to the god of the place, who is identical 
with our genius loci- Grateful* pious people endow thorn by building 
stone flag musts surrounding the sanctuaiy and its single tree often 
in great numbers. 

Large groups of sacred things are assembled it tine most prominent 
places* At Tze-lmdsing I found u Tu-ti altar in the street along¬ 
side of which there- w;l& a stone Hag most, a column surmounted by 
the head of Buddha somewhat back, then ait alter for incense, and a 
largo handsome altar for Kuanyiti, the goddess of mercy, all of which 
constituted the .sanctuary inclosed by cluster* of bamboos which are 
named For her: “The- Bamboo of the Goddess of Mercy ' Flic 
Chinesn thus put thHr soul into nature. One nf the inscriptions 
reads: 

Tbo lu&t. of tlie world is valo forcer. 

But If ynu plfl a** 11 fciimiylu Lmtige on four eutc, tliat wtU ensure. 

The combined sentiment and grandeur with which they treat *ur- 
fares is exemplified by she imperial tombs of the present dynasty. 
The great temple tombs of the Emperors are located in a dense grove 
uf pines 10 kilometers long and 8 kilometers wide, extending up along 
the massive cliffs of the mountain side. Gates alternate with bridges 
avenues of stone animals with tern pie-kiosks: and the mortuary temple 
appears in front of the t uni ulus characterized by a structure several 
stories high* The entire arrangement is plain in the proportions, 
but is most nobly and solidly built. 

This remembrance of the departed is obviously specially imposing 
in this case, but Cjiina is generally noted for the worship of the dead. 
The ordinary man honors Ids ancestors in his home and at their 
grave*. The wealthy have special ancestral temples connected with 
their own dwellings, or on a selected place, the Tze t"smg T that is often 
garnished with indescribable splendor. 
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The Ch%n family, a young member of which is at this time a stu¬ 
dent in Berlin, lias such an ancestral temple in the home at Canton- 
The temple consists of a series of courts and halls arranged on five 
parallel axes. The great guest room for family feasts is handsome 
acid airy and most elaborately decorated. Each compartment con¬ 
tains the four tables and eight seats- repeating the well-known genii 
table Arrangement of eight (pL Ih fig, 1). 

The ancestral hall proper lias room for 4*000 small ancestral tablets 
on five most elaborately carved altars. In front of each of these live 
altars there are five blue ritual vases. Everything is built of the 
richest materials and significant also from an architectural point of 
view. 

The mountains play an important part not only for the sites of 
temples, tombs, and ancestral temples but for the locations of the 
cities of the living. They prefer sites near n mountain* and when 
other advantageous conditions are available* such us the course of a 
river near the mountain- they consider the beauty of theducation per¬ 
fect. The Chinese designate this as Fengsbtii, meaning that the eitvi 
relations to wind and water are perfect 

The large cities and almost all others are located in most clever 
coticord with the natural conditions to combine most advantageously 
the industrial interests with the most beautiful environment possible. 
The manner in which the Chinese artistically build their struct tires 
to harmonize with the natural environment is astonishing. The 
Province of Szedvuun has the most hcautifully located cities, Kia- 
tingfu on the Min River* a branch of the Yangtze* is a conspicuous 
example. European gunboats steam by this city in the very heart of 
the Empire* among others the German gunboat Vai&imd (pi* 10* 
% 1)- 

The river flows along the south and eastern sides, and the city 
spreads out from the comer northwestward where there is a moun¬ 
tain that is conceived to have been the progenitor of it* and from 
which it derives its forces and soul With this concept km the temple 
was built on its summit for the protecting god of the eifcy. Tins 
temple has a pantheon arranged with a central compartment for the 
main god, yft-htumg, the Jew el Emperor* who m preferably conceived 
as the incorporation of the spirit of the mountain* He appears in 
three images three manifeststurns. that are disposed one behind the 
other, $o that the image moat advanced in front appears to have a 
more human resemblance than the others that are more in the dim 
shadow of the altar in the rear. This is a most infyiressive represen¬ 
tation of the triad. The great pantheon of the gods fills the other 
space within this temple. These gods are the embodiment of virtues 
and religious ideals that are specially revered in physical forms; 
The altars are placed in the axial lines. The two pillars on the sides 
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of the asb have lively modeled canned dragons coiled around them 
that reach out toward the main axia with the sanctuary hi the center 

The river (lows by steep cliffs apposite the southeast of the city! 
where it is surmounted by the pagodu of the city. It is a rule in 
China to have a tower in the southeast of the city, either on the city 
wall or without in its outskirts, for Kneihsing, the god of literature, 
who dwells in the sky in the constellation of the Great Bear* Tn 
Shansi these detached towers are to be seen near every town and 
Tillage and have often a pleasing and a varied form. In KSatingfn 
there lire many other features that are supposed to guarantee sanctity 



and peace to the city besides the pagoda. Among these there are 
a great many images of Buddhas carved on the cliffs opposite the 
city, one of these standing, ifl 6 meters high, another gigantic image 
sitting is 30 meters high. Besides hallowed caves, filled with gods, 
ancient temples, and grant stones carved with the holy trigtums as 
previously described. The embalmed and gilded mummy of a high 
priest =its in one of the temples, and (here a re temple- for the poet 
Su Tung-pO and others. Sanctity is thus concentrated in what is 
conceived to t*e the proper place southeast, of the city. From the 
opposite side the great temple of the 14 Ancient of the mountain 55 
looks down* while another pagoda in the city holds the balance 
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t beetween the two pagodas of southeast and northwest)* The beauty 
of this region may be imagined and is expressed by art inscription 
in the mountain temple; '"How propitious is this site! Here one 
sees the river winding around* the broad plains stretching out to 
the southward, and to the westward the three highesL peaks of 
Omeisham" 

TW reference to this patriarch of the mountain, and the triad of 
its highest peaks are reflected by the triad of the chief god in the 
temple. 

This is* on the purl of the Chinese* at the same time, a reminiscence 
of the Buddhistic trinity and the trinity of Chinese religion: Buddha, 
Laotac, and Confucius 

Similarly located cities are found elsewhere than in the most 
beautiful Province of Szech'an. This feature id also characteris¬ 
tically seen, in Canton, in the extreme southern part of Kimngtung. 
This city is also located near w mountain, its revered ancestral pro¬ 
genitor* with a pagoda to the southeast to guard ihe spiritual city* 
A 6vo-storied temple on the summit lias the two gods sitting in die 
Uppermost hall, who constantly oversee and promote the daily life 
of the Chinese, These gods arc Wen-ckiing. the good of knowledge 
and learning, and Lao-yc, the god nf cflicienry and bravery. The 
Chinese designate this duality as Wen Wu* which Europiums have 
correctly translated os civil and military, but the Chinese give that a 
ii]ore profound signification. They guard the city and all prosperity 
depends upon their aid* 

Canton 3s connected to the northward with the famous mountain 
of the White Clouds aud the hill of the city forms* as it were* a spur 
of this mountain. The souls of the departed are conceived ils. white 
clouds, and when the mountain is most densely enveloped in clouds 
the Chinese think that the souls of all the departed are congregated 
on the mountain from which, on the other hand, all life came. It is 
thus a conception of the circle of all existence. 

This conception is given sublime expression by the disposition of 
the grave? which beginning in the north of the city extend to the 
mountain of the White Clouds, where in many splendid temples 
countless gods are sitting, who in this life os well as in the future one 
are man's guides and ideals. This necropolis is even for China, which 
can la? designated us one large cemetery, sonietMug immense. This 
covers mi area 12 kilometers long and 7 kilometers wide, and it is 
literally filled with grave* on the slopes of the valleys and to the 
summit of the mountain. Without my exaggeration there ore many 
millions of graves in this ceineten\ Some of the graves are very 
simple* otiters ha\t grand tombs* and many of them are great artistic 
works* 
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This imp an important bearing on the religious conception that 
death produces life. The mountain is called the White Cloud for 
the souls of the departed, thus emphasizing, *' From life to death, out 
of death life.'’ Higher up the mountain there are imposing grave 
inriosures amidst luxurious trees and plants. And when the Chinese 
look down and contemplate the busy city of millions in Canton they 
realize the vanity of this world and the predottsne&* of the rest that 
follows death. All is vanity in the physical world. Tie is at once 
a Chinese and n Buddhist. These ideas are further embodied in the 
image of Shon-hsing, the wise ancient hoarv god who displays the 
symbol of the world, the sacred eight trigrams which explain the 
circle of existence as the meaning of life (pi. 0. fig. 2), 

The Chinese thus feels himself to be closely connected with nature. 
He knows that lie originated from it ( nature) and shall return to it. 
and shall return to the earth, but then reappears in the persons of bis 
children and grandchildren. lie feds himself to lie but a guest on 
earth, on insignificant pan of the whole that he conceives a* oneness. 
This is the purest par theism, and n wellspring for the outspoken 
social instinct of the race. 

There is. however, an essential difference tat ween the Chinese and 
the Hindu. The ideal of the Chinese is the greatness and wholeness 
of creation, and lie embodies this thought in his art and religion. 
But as it practical man he realizes that as lung as he U sojourning 
upon thi- earth he should arrange this lift- ns comfortably as pu<- 
sible. Hence his sober, businesslike sense, Ids perseverance in work 
which should afford Him the means for life and enjoyment. This 
harmonizing of high idealism with practical sense gives the Chinese 
people vitality and the right to have their ideas considered and 
esteemed as on an equality with our purely Individualist tc culture. 
And it may be due to the considerable admixture of individualism 
in the Chinese pantheism that the Chinese in his disposition is nearer 
to us than the racially more closely related, hut dreamy and other¬ 
worldly Hindu. 

We have observed how both the country and its history have 
equally demonstrated to the Chinese the grandeur of their con¬ 
ception of unity. His system of the universe is thus divided into 
(he forces in the circle of the two principles, the male and female: 
in the eight trigrams symbolizing the development uf the variety of 
the rhythmic and harmonic physical world. Finally, the unity of 
mnn and nature. It is not very different from our division of 
natural philosophy in physics, mechanical energy, multiplicity, and 
logic and biology. It is always apparently the same with mankind. 
But the peculiar conception and combination of these elements with 
its trend to pantheism gives Chinese culture a reality that is the best 
conceivable preparation for artistic accomplishment. 
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THE LOLOS OF K3ENTCHANG, WESTERN CHINA.' 

[With 4 pbt«,] 


By Dr. A. F. Lkopvpbk. 


There an* a number of aboriginal peoples in tho western part 
of China, in the Setebouen (Szech'uan) Alps, but the most interesting 
13 the raw known as tho “ Eolotte ” Dwelling m a region perhaps the 
wildest on the earth, their physical aw! moral characteristics, their 
strange customs, and, above all, their superb courage in tlie face of 
that formidable foe, the “Son of Han," present a strong attraction, 
to the European, opening up a wide field for observation. 

I first became directly interested in tho Lolbs in the year 1904 in the 
vicinity of Fulin at the home of Father Martin, tho missionary, who 
knows them best and who gave me moat valuable information. But 
it was not until 1907 that I hegun to study them seriously in going 
directly to Kientchang, where 1 saw much of them in their villages, 
could study their daily life, their curious habits, and could note the 
honor of the bloody feuds bet ween the rival dans and the warlike 
organization of the tribes. 

In 190S I visited many Loto districts, and, profiting by the expe¬ 
rience previously acquired, my observations on this occasion were 
much more accurate, and, being more extended, enabled me to 
verify my first impressions. In the villages, as a host, 1 gained the 
confidence of the families and could observe and interrogate them at 
my leisure. Finally, in January and February, 1909, I journeyed 
into the rougher and more turbulent region of Ta Leang Shan, where 
there were constant raids against the Clunesc and bitter feuds between 
the clans. The journey wan abort but interesting in many respects. 1 

I shall briefly describe the physical character of the Lnlo country. 
It occupies in the western part of the Province of Selchouen & vast 
region entirely mountainous. It is a chaos of high ridges and narrow 
valleys, with some lower ridges and plateaus cultivated to a certain 
extent with maize, buckwheat, and oats, but used chiefly ns natural 
pastures. There are some large tracts where excellent grasses grow, 
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capable of nourishing large herds of horses, imile;, sheep, and goats. 
In the mount aims there still exist some beautiful forests, where oaks, 
birches, and pines flourish, as well us the silver fir wliieh covers the 
summits. Up to 11,500 feet altitude there is a marvelous under* 
growth of slender bamboos and rhododendrons, where hide a great 
variety of animals—bears, wild boars, wild goats, antelopes, and deer. 

These people are chiefly hunters and herders. They have learned 
agriculture from the Sifan and the Chinese, but spend no more time 
and effort at it than is actually necessary for subsistence. What 
they love most b constantly to ream in pursuit of wild animals. 

This beautiful mountain region is favored with an exceptional 
climate. Fur a great pari of the year, particularly in autumn and 
winter, tlio sky is of a rare purity and dearness. Summer is very 
hot and the thermometer is said to go as high as 40° 0. (104° F,), 
both in the valleys and on the mountains up to a height of 5,500 
feet, hut the humidity is low. Winter, in tho districts below 6,500 
feet, is never severe, but, on the contrary, though at night tho 
thermometer may foil below the freezing point, it will rise dur¬ 
ing t he day to 15° or even 20° C, (50° or 0S° F.) before sunset, En 
February 1 registered temperatures nf 25 6 C. (77° F.) in tho shade 
between noon and 2 p, in., but early in the morning it was less than 
— 2° C. (28.4° F.). We may therefore class the climate os subject to 
extremes of temperature, but at the same time decidedly dry, even 
too dry in the valleys below 5,000 feet, 

in bis daily life the Lolo mountaineer leads a simple and frugal 
existence, content with his primitive shelter made of interlaced bam¬ 
boo strips. The houses, outdo of rammed earth covered with fir 
planks, awn in certain districts, are copied from tho Chinees stylo 
of construction, plainly deviating from the primitive huts. 

The chief feature of the Lolo hut is the hearth, located in tho 
(.‘enter of the room, made of three triaugidar-shuped stones inclosing 
a hole from 10 to 12 inches in diameter and 4 inches deep. At the 
aide, one often sees an elevation of three steps made of day that look 
like shelves; but it is more than that. It is a sort of alter on which 
certain religious rites are performed, is the very sanctuary of the 
hearth, the sacred symbolic spot, after the fashion of tho Greeks and 
Homans, tho consecrated place in tho poor man's house where genera¬ 
tions of ancestors have found their morn I and physical being strength¬ 
ened, 

Around this hearth the Ia>Io eats his buckwheat or oaten cakes, 
boiled maize, or else some stewed meat that ho eats when half cooked. 
He also cooks the maize in cakes under the cinders. Oatmeal is his 
principal food, that which he lakes with him by choice when he goes 
forth as a warrior or to engage in a feud, He fills a little bag of 
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goatskin with the meal, an4 whoa hungry ho makes a hall of meal in 
the palm of his hand with water from a stream anti eats it as it is. 

Tim potato is well known to these primitive people and is quite 
largely cultivated by them. For his primitive menu the cook is not 
at all interested in what we term ^condiments." The only seasoning 
he cares for is salt and he likes that chiefly as a delicacy, In the 
villages salt is eaten the same as sugar candy; pieces of it are passed 
from mouth to mouth mid each one sucks it for a given time, Sugar 
is not at all disliked, but os tho cane does not grow in the mountain* 
the Wo must gut it by descending into tho valleys at night and 
p illag ing the Chinese fields. It k interesting to note in passing that 
the mountain herder disdains the milk of his cattle, 

I return now to their dwellings. 

To give a complete idea I can do no better than to describe the 
type of hut seen in the village or Bolo, near YuS Si. This hut is a 
wretched little affair, 13 to 1IH feet long, 8 to 10 feet wide, and about 
the same height. There k but one room, with n recess separated from 
the other portion by a half partition. This recess serves not only as an 
apartment- for the household but also as a stable for the sheep when 
the tenant k too poor to build one outside the but. There is really 
no furniture, neither table nor chair or other seat, much less u cup¬ 
board or closet. Tho inmates aquat on Lho ground around the hearth, 
which serves as their dining table by day and a place for sleep at 
nig]it. There k no sort of bed in any form, I stated that there was 
no trace of cupboard or closet in the huts, for what good would they 
be i These [xmr Lolos have no need of it wardrobe. They carry all 
their clothing on their backs, qnd wear it as long as they can, rarely 
having a complete change. 

I saw no household utensils except the large Cliinese scullion, like 
a spherical pot, and sonit) wooden bowls, very curious and well 
turned. They had, however, some large, cylindrical bamboo baskets 
for storing grain, and sieves and winnowing baskets made of the 
same material. TIws hooks for hanging utensils or other objects are 
made of simple forked branches of trees, One other way of holding 
objects, such as baguettes nr rods, consists of a double ritig in the 
form of the figure S, made of a rope of bindweed or young bamboo. 
These rods serve os rests {or the large, lint baskek on which they 
dry the grain. 

I havo called the IjoIo dwelling a hut and it k nothing more. 
Made of bamboo strips crossed and intertwined or cut into ropes and 
plaits, it offers but a meager shelter against the cold, wind, or rain, 
and the pine strips that form the roof ore joined so poorly that tho 
daylight shows through the wide cracks. The posts and jokls are 
merely trunks or branches of trees, not squared or even stripped of 
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liiiirk. The joists are not selected for fitting to the posts as supports, 
but are roughly held in place by the forked heads of the posts. You 
notice also that tho rafters are not mortised but are merely crossed 
and fastened by bamboo binders. The tie-beams are fastened in the 
same way. The ridge, nothing mure than the mere laying together 
of Borne narrow strips, is covered with a bamboo mat extending 
down about IS inches on each side of the roof. 

At Bob X first observed how the Lobs weave their mantles and 
their leggings. I asked the chief's daughter, who hod charge of tliis 
kind of work, to show me the implements for spinning and weaving. 
The spindle was a thin rod with a little disk in the center serving as 
n grasp for the lingers. One of the cuds of the spindle was length¬ 
ened with iron to a point for attaching the moss of wool. The thread 
that was made was very coarse. The loom consists of three or four 
rods or stretchers for intercrossing the threads ami a large wooden 
plate or blade for the underweaving. It was the primitive of primi¬ 
tive*, without htdancing apparatus, properly speaking, with neither 
" harness" nor "comb," The threads constituting the warp are 
brought together in a bundle at a stake driven in the ground, 

I also saw them make a thread garment, in the meshes of which are 
worked fiber* of the palm, Tmchycarpug exctLm t, This is the Lola's 
mackintosh, the cape that he needs while guarding his sheep in rainy 
weather. The overlapping of tho libera Is so effectively done that 
the surface offers no chance for water to settle in it, and heavy drops 
of rain run off without penetrating it at nil. It is really a very 
original kind of waterproof, 

Pll VSK’AL AND MORAL CHARAtTEHISTICS. 

The Lolos are, ns a whole, a vigorous and healthy race. Living as 
they do in the high mountains, where they are exposed to extremes 
of temperature, with mild days and icy nights, in miserable shelters, 
natural selection has played and stiff plays an important nflle in 
this group of humanity. The weak do not survive, they quickly 
disappear. 

Giving to their fields only the minimum of time needful, and 
being occupied mostly with their cattle and in hunting for wild 
animals, the Lolos practically pass all their lives outdoors. They 
leave home in the morning to return only at nightfall. The steep 
dopes of the mountains arid the abrupt sides of the plateaus cut into 
deep ravines make walking vary difficult, so that tliis people have 
acquired an extreme suppleness of muscles, tho agility of a deer. So 
also their favorite habit of the raid and the feud, the circuitous tramp 
required, keep tins men in constant activity, developing a vigor and 
endurance rare in uny other race, even the most warlike on the earth. 
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The Ta>1.j has the audacity of his vigorous physique, of hU superb 
vitnlitrv. Always in motion, always no the alert, ready to meet any 
surprise, nothing troubles the mind of this fearless fighter. What he 
loveu mc ,st of all is to attack the hated Chinese. It is u wild guerilla 
attack, brutal and frightful, which makes every door fly open, leav¬ 
ing the enemy at his mercy without the shadow of a defense. 

In fights with men of liis own race, warriors of his own stump, he 
shows a prudence equal to his courage. He displays all the astute* 
Dfifis, all the strategy, of the red man, whirl, lie resemble* in many 
res ports, lie habitually steals his silent march and falls ut night 
vdih the suddenness of lightning on the hostile clan. It is in a feud 
nlnw'c all that he thus fearlessly acquits himself. In there feuds of 
tribe against tribe they often settle quarrels in pitched batik by 
broad daylight at some place chosen in advance. 

\tlmt the IjoIo lacks in being a perfect warrior is not certain; it is 
not courage, nor ardor, for tins race, says Father Martin knows 
neither flight nor liiding before an enemy. Tina they do lack per- 
severance, that will-power, that persistency of the white warrior, 
wliirli leaves no respite to the enemy until he is overpowered. 

The I nlo is the same in peace as in war; he ignores continuity, 
hmug aside too readily the task ho has begun. Like * child be* 
changeable, fluctuating, a vagrant morally 0* well as physically. 
Kor 1dm life is a jest, hard sometimes, very often oven bloody, hut it 
is always a play; ho has no other conception of his destiny. Gen- 
eTOUS( ; wasteful, when he can he, careless to our mind, nothing 
seems to fix his thought beyond the present hour; nothing fix™ it 
unl™^ it is liis ardent hatred toward the son of Han. Hu other 
enmities, pereoual or collective, although lively, even ferocious son.- 
times, as in a feud, do not have the same tenacity; for with the 
clans ho makes truces, some agreements leading even to recon¬ 
ciliation When fighting with the Chinese, however, there is no 
truce; this is a fight to the bitter end, a chronic raid; nothing can 

8t Tie Loin in this kind of attack always acts by surprise with such 
an astuteness and extreme swiftness that it is very difficult to ward 
oJf the fimt effects. The beginning of Lhese dramas is a conflagration, 
n destructive fire lighted at ah corners of the village at once by means 
of nine torches fixed at the end of the great Lolo lances 13 to HI feet 
loin' In a twinkling the miserable wooden and bamboo huts burst 
into flame; cattle, horses, and sheep gallop wildly about precipitat- 
mjj disorder and greatly obstructing the defense. Annual* and men, 
^ekih" to escape the tire, are driven hack by the spears ofthe liggr^ 
ors and forced into the center of the village. The fighters of the 
assailed clan may succeed by wild dashes tn again mealing their ene- 
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inli?ri in terrible hand-to-hand deadly encounter, when the cutlass 
replaces the useless lance. 

Their bloody feuds too often form painful phases in the life of the 
Lolo, The clans, the Uribes, often exhausted, lose the most. valiant 
of their fightern in those frightful dramas, -which at Limes lead to the 
extermination of an enure clan, I had with Father Guebiiant a very 
vivid impression of a tribal feud and its atrocities* It was in Feb¬ 
ruary, lOn7. Invited by a chief of a ckn f wo were directed toward 
Ya Long, near a hidden recess in the mountains at a height of 10 # 000 
feet. Fortunately for uh, a very rough halting place prevented our 
reaching the chiefs village before ni gh tfall. It was in Lids village, 
a mile and a quarter from u.s, that n frightful drama was enacted dur¬ 
ing the mght* The village was completely reduced to ashes, and the 
wife -f the chief of the dim, wounded by many knee cuts, escaped a* 
by a miracle from the flames. His daughter, 16 years of age, was 
found drilli F die body completely charred. Some slave* perished in 
the some manner; aa also some domestic animals which could not 
saved. This was the fend. You would be amazed with what fierce* 
ness they attack defenceless beings, for the law that rules the feud is 
the extermination of the enemy, even the woman and the little ones. 
Not ft bit of rnorev. This is war more legitimate, if possible, than a 
fight against an invader. It is the war of the first ages of man f the 
figh! to death, not for social du ruination, but for the safeguard, the 
preservation of this race. 

Though 1 he l^)b L terrible in his vengeances, hois altogether dlfTer* 
ent in ordinary life. He is a valiant and loyal warrior who fights for 
the very pleasure of fighting, bin always respects his wounded or cap¬ 
tive enemy. 

The Loin owns some slaves, but he rarely treats them cruelly. On 
the contrary, he is kind to them, gives them fields to cultivate, is con¬ 
tent with small rent, and finds wives and husbands for them in the 
tribe. He even gives them wide liberty on condition that they do 
not strive to abuse it. 

He exhibits Ids unselfishness most of alt in his treatment of the 
feeble, the disinherited ones of the tribe, women, children, and the 
aged, or those afflicted w ith contagious maladies, as lepers. All these 
beings are loved, succored, and never do they try to get rid of them, 
Tliis warrior, so fierce in his vengeances, h full of compassion for 
these suffering ones, and he aids (hern to the limit of his resources. 

He k likewise a man of good faith, who is anxious to keep his engages 
meats. If he has given you Ms word, he holds to it to the end, even if 
some dire.t interest, some serious motives, should at any time arise 
to shatter his firs I resolution. 

I have several times confided myself to the Lolos, placed mysalf 
in their hands, without having experienced the Mast deceit, the 
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least annoyance from it. They could with impunity have caused 
my disappearance with profit to themselves, but l um «urc that not 
one nf them over thought of it; that their great desire was to make 
my journey through their districts the meet agreeable possible for 
me, As the winters cold is severe in t he mountains * a rousing fire 
was carefully kept burning all night to protect me against the biting 
north wind. The poor people could not attain the result sought, so 
primitive is their cabin, so insufficient their shelter; but it was not 
their fault; they did all that was possible. Above &U, the welcome 
was cordial and entirely unselfish. 

ORGANIZATION OF TEE FAULT, THE CLAN, AND THE TRIBE, 

The members of ihe Lolotte family are generally closely united. 
You find a true affection in the absolute equality of its parts* The 
wife is never such a .slave m is nearly always the case among the 
Chinese; on the contrary, she is loved altogether as n woman and 
not at Eifi as the perpotuator of the ancestral cult. Loved for herself, 
t he truCj Intimate, and social companion of thp husband p she always 
retains an individuality in the family, an acknowledged unitv. 

The daughter-in-law is always tolerated if not loved; is never ill- 
treated like the daughters of FI am Children in their turn are much 
petted and caressed; Ihe girls receive the same care and affection m 
die boys, and ary never considered to be inferior beings as they are 
in China. 

Iwdtpmdmee of Hi* family .-—From a social standpoint, the Lolotte 
family is well organized. It enjoys its own independence, forms a 
unit in the elan or the tribe, with no possibility of servitude or 
danger of absorption by the autocracy of n chief or a Hoignor. The 
husband is the unquestioned head of the family, tho wife la a com¬ 
panion and a highly respected counselor. The boy belong* first, of 
all to the father, and next to the chief of the tribe, but not until, 
under the law of the clan, jls a sacred warrior, he attains to manhood 
at IS years of age, 

Edumtion ^The child receives only a physical education, with no 
school or pedagogic instruction whatever, even for the son of a grand 
seignor It k very seldom that even a nobleman (os noirj learns to 
read or write. They devote themselves to such exercises only in 
preparation for Future sorcerer priests. The Lolo is in fact a very 
ignorant man who thinks only of running about the mountains with 
his pack of hounds and his herds or practicing his skill with the how 
or the lance for his daring adventures. 

The youth on the day when he becomes a sacred warrior Ls con¬ 
sidered as of age- The young girl L* free only at the date of her 
marriage, however late in life that may be. But she does not need 
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t his legal consecration to enjoy the largest liberty. She cornea and 
goes, visits her distant friends, is absent for long periods without 
anyone's concern. She has all the right and authority to take care 
of herself and tins care is completely devolved on lien 

Order of descent.—Among the Lulos as among most peoples, it is 
the male line of descent that ranks first. Inheritance is thus trans¬ 
mitted to the son or in ease there is no offspring to the nearest rela¬ 
tion in (he male line, never Lo daughters or females, not even to the 
mother or the wife. 

Msmagc ,—The Lolottc family is based on a formal union eon-* 
socratcd by the parents alone. There are certain traditions on the 
choice of a fiam-ti or fianc^o which have nearly the force of law in all 
tho tribes, one is that a young man should by preference seek his wife 
from his maternal grandmother's family * although the young girl 
can not make her choice in her own clan; the marriage is thus 
exogenous* Tho marriage consummated, the young wife returns 
to her family near her mother. So custom demands. She may 
remain there some days or weeks or months before returning to her 
husband's home. Tho wife is Inghly respected; if she m ill-treated 
she flees to her own home, and the husband is severely censured by 
all the elan T and if ho pushes ills companion to suicide ho may pay 
for Ids brutality with his own life. 

Social Hfi—Feudal system *— Tho constituting which governs the 
cbms much n Kembles the old feudal system of EuitTpft. The tribe is 
ruled by a signor, who hm his vassals and serfs paying him rent and 
compulsory service. Each vassal Ls further required to furnish in 
time of war a certain number of armed men, the number being deter¬ 
mined hi advance* 

It would seem as if this system would bo burdensome to the 
majority of the people, but it is not at all so. The serfs enjoy a liberty 
that in the Middle Ages was never known by Europeans. Although 
they are really slaves, yet when once settled in a dan by marriage, 
i heir condition becomes difficult to distinguish from that of a serf 
properly speaking; they enjoy nearly the same independence. Feudal 
power is hereditary; election in any degree does not esisL 

Ct&Us. —Socially, the different members of a clan are divided into 
three classes or castes: (!) The H£ Y (Oa noirs), which represents the 
aristocracy; (2> the Os Wanes or middle class; (3) the slaves. The 
Os Wane remains such through centuries and the slave can never 
attain his freedom. As to the FI6 Y s there is no social decadence 
possible for him, he can never foil into the middle class. It h proper 
to add that a marriage under any circumstances can effect no change 
in caste* 

fvetiw and penalties .—*There is no written criminal code no more 
than there k a civil one. It is tradition, custom, certain ancestral 
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derisions, that hold the place and the authority of law* It is a 
primitive form of justice yet dignified and equitable* The ordinary 
theft os defined in Europe exists but little in, the clans* If perchance 
a petty theft is committed* It is amieablj' arranged* but restitution 
is obligatory* If it is repeated and a scrums fa ll i n g out is causal 
between two or more families* the culprit is imprisoned by order of 
the seigtior* If he will not mend his ways, but becomes a menace to 
the peace of the dan, he is drowned in a mountain torrent. 

What the Lolo practices most of all is resenting by force of arms 
between tribes and clans that which a family or a group of such 
hoimdcr to be an injury, or they inflict on an adversary a damage 
equal to that received. This is not rubbery. It is a legitimate ran¬ 
som for a prior villainy* But the one who suffers most from this 
punishment by retaliation, constantly applied, is the Chinese. In 
pillaging at will with nameless impudenre, the Lolo declares tbFit he 
is regaining by his rightful usurpation hk own valleys, his fertile 
fields, which the other gained by ruse, lie scatters animtd'i and men, 
desolates entire villages, ruins special districts—-it becomes to him a 
sport r a pastime. There is no punishment for it. They rarely oppose 
the return of the pillagers, and there is little risk of being punished 
in their mountain hemes. 

Murder for robbery or personal vengeance is almost unknown. 
When a murder has been committed* the criminal is hung as soon jis 
possible. Jf not be is buried alive in the forest, or, fastened to a tree 
in a solitary place, he dies from starvation or from the teeth of wild 
beasts. Some tribes inflict punishment by fire, each corn ing hk fire 
log to the place appointed for the execution. 

If tho murderer belongs to a different tribe, it means war at once 
and unrelenting. Thera b no isolated action by the family of the 
victim * but a getting together of all the elan—all the tribe, if uecoi- 
sary. The bloody feud is then at its height—vengeance fur all. 

Ownership of property. —A ruling principle in the property system 
ia that the products of the soil belong to the one who cultivates the 
land and not to the thief of the dan* though some contracts are made 
for renting and farming with return in natural products. 

The vast expanses, sketches of forest land, are by no means owned 
by the seignior* but they are the property of the rian os a community. 
The os tioir or highest class htts his own lands that he makes valuable 
through the aid of his serfs, and he has no right to increase them by 
monopolizing those of his neighbors. He is also forbidden by the 
right of common custom from possessing himself of a heritage. The 
chief of a tribe has none of the prerogatives of a petty tyrant king. 
Hk rifle is chiefly that of a patriarch, limited to the guidance* the 
58734*—em 1911-3? 
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counseling of on unpeLuous race, exceedingly jealous of their rights 
and of their liberty. 

C'inf liberty.—In this case, as in others, there is no written law; it 
is tradition which continues to havo the force of law. In business 
transactions of all kinds there is no other guaranty than that- of the 
pledged word of mouth. There is used, however, in the ruse of an 
employer, under certain circumstances, u stick cut with a series of 
notches and split through the notches from end to end like a tally 
stick. Each of the contracting parties takes one half of the stick; 
if a dispute arises, they place the two pieces together and the on® 
disloyal is readily revealed. 

RELIGIOUS IDEAS. 

Religion .—The Lolo religion is based on a belief in spirits, beings 
immaterial, good and bad. He seldom thinks about the good spirits, 
ci on ignores them, but the evil spirits, on the contrary, to which 
misfortunes and maladies of all forms arc attributed, become objects 
of solicitations, of formal supplications by tho sorcerer priests; never 
by the interested party, for to bo able to appease tho oil spirits some 
sacrifices are very frequently offered, though there is no true cult, 
no real ritual. The prayer in tho form known to us does not exist 
nt all. The Lolo fully recognizes a sovereign God, omnipotent, Crca* 
tor of all things, but he has not thought of building a temple to Him, 
nor of worshiping Him under any image whatever. For tills God and 
the senes of good and evil spirits there is only an official, the sorcerer 
of the tribe, whose rfllc is limited to the practice of certain rites and 
t he rendering of oracles. The sorcerer priest is also a healer, so thev 
think, especially when the illness is considered as due to the entrance 
of an evil spirit which can ho driven out only under the irresistible 
action of certain rites. In serious cases, when the adjurations have 
no effect, a sacrifice is made, by the burnt offering of a domestic! 
animal, to the recalcitrant spirit—a cow, a goat, a lamb, or a fow l. 

I be kind of animal to be offered is determined by cm examination of 
the tracks made by fire in tho shoulder blade of a goat or sheep. 

If two fissures appear in the form of a cross, it is a good sign, the 
patient wOl be cured. If some fine cracks cut the arms of the cross, 
tb,p its ult is doubtful p the spirit fmkra some rratricfcitrtis, some furfclirr 
rites are required. It is then not a fowl that should be offered, but a 
cow. The sorcerer then repeats the process with lighted tinder \ 
new animal is sacrificed. The heart is offered to the sick one and must 
be eaten by him. The animal is not consumed on a brasier ns w - 
done by the children of Israel, but it is eaten by the sick one s f* mil- 
which offers to God only the blood of the victim. * 

In religious matters, the Lolo’a mind presents two characteristic 
in strange opposition. Thera is not only a primii.i Te belief i n the 
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direct intervention of spirits as ilie? agents of all their ink fort uiigs p 
own of sickness, but* on the other hand, there is that skepticism of 
ancient civilisations which, disdains to give alms to the deities fey 
prayer or to erect temples or altars, or to prostrate or humiliate 
themselves; they despise fetiches end incense. 

Every Lolo is possessed of a soul, a living and arrive though imma¬ 
terial substance* impalpable, and invisible. At. the death of the one 
which it animates* what becomes of this soul ? If it has broken no 
sacred law, it remains in a condition of transitory rest, not really 
unhappy* but without joy P without positive happiness. It will expire* 
on the contrary, if It has done evil or violated the precepts of the 
traditional morals of its race. I must teU you that the Lolo shows 
but little respect for his deities; It ksohtLle even in tho rase of the 
good ones, from whom be 1ms nothing to fear, that, he considers them 
as mere guardians of the body, protectors or aids of the lowest order. 

Does ho not say in the ritual chants preserved by the sorcerer 
priests: "May tho good spirits go before you that the nail of your 
toe bo not bruised! May the good spirits precede you s clearing 
obstacles* that the nail of your hand be not bruised t 11 Thus is 
chanted the celebration of marriage. They also add: “Protect by 
dav, watch by night 1 May ilm good spirits hearken to you : that not 
one of your hairs may full!" 

ORlfiLN OF THE LGLGS— 1 TRADITIONS. 

Father Martin gives the Inflowing versions on the origin of tho first 
Lolo: 

]. 1 h very ancient times a man foil from thu j*ky la Hit? earth; tv wa* nuked, Then 
there fell another man and a woman ami th^o two acre inameiL Thr* b silent 

jih b* what iMframe of Urn first mam Then iha tho herb "jeeu Pl grew, then ferns* 
Skion there wore bom a boor smri an ape, Hum wus made iho human race. for tho 
beat, mail, and tho monkey nrc "5 tho : ;',me nature. 

Man nppcarcd nn tho wlb r and there wlto bom imra him the boar ami the? moo- 
key. Tim legend does not oiplain this reversed Darwinian theory. 

3, Firet fell a white man, thon a block nun. lliun a rod nun; they hud no clnthr*, 
i..m drived ther::iMdvM> with Thutfo men remmned a certain licho, then JL- 

appean&d. The eky then sent a rmiplo thut brought into tho world two aoms wht> h 
deprived of wives, could naturally not have posterity. Ai^in the earth found itself 
without a .-siiLdo human rcpnsMjntativa. Then there came a new man, whoabo died 
withi>u 1 1**1 vrity, A woman thou appeared, a £ort of harpy p who romaim. 1 * I chOdl 
Finally there fell from thr* ?ky “Onion/ 1 who left 10 ^:«iw and daughter*:, and ihm 
ihu entire earth ttw peopled, 

Dduge *—“When man, increasing and multiplying, had invaded tho 
entire world* then burst forth tho deluge. On all sides tho water 
gushed forth, from mountains, rivers* clouds, and fields. All man- 
kind died except one brother ami ltk sister of the ancient 1 me of Onion. 
They cut down a tree {Eloecocea mnnrifera) f the sap of which is 
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Tery- commonly used in China os varnish, somewhat resembling 
our fig tree, and built an ark in which they took refuge. Then the ark 
floated on the water over ail the land. The waters haring at last 
receded, the ark rested on OIou Mountain. The brother arid sister 
paving thus escaped the catastrophe that destroyed all other human 
beings, joined in, mu mage ajjd bora numerous children. Prom the 
two olfleroncs, the first wore of the Sifatt type Can aboriginal race of 
the I-ar West very near Tibet), the second the Loio type, and the 
youngest the Chinese typo. Fearing n new deluge they undertook to 
build a very high house. A Pou Ouosa (a deity) tried to ilUuodo 
Wicni from this work, but they would not listen even to Ida threats. 
But when the workman on top of the structure said; 'Bring n beam,' 
and the one who was below sent up a stone, tlien, no longer under- 
standing one another* tlicy separated, The Sifan emigrated toward 
e north, tlio L^Jo to the the cast, a ml the Chinese to the eoutlL^ 
There is anot her version, of the deluge. u Two brothers were f illing 
ground. Tho god, A Fern Ougbil, said to thorn : 4 Dq not dig, 1 
But they dug the more, A Pou repeated: J Do not dig, the 

end of the world is coming/ One hdiered the god* the other not at 
aH. To tJie one wlm behaved, A Pou Quosa soldi *Mako an ark of 
wood, you and your sister, and when the waters ah all come you shall 
float within,' He said to the other: 'Build an ark of iron.' The 
deluge tame; the hrather and his sister who had taken refuge in tho 
iron ark wort 1 drowned; the wooden ark denied and saved those who 
had believed in the wonl of God. The waters having lowered, the 
brother and his sister came out of the ark. The god, A Pou Oua$a, 
tlum said to them: ‘There are no human beings on the earth* yon 
must marry, fliey hesitated, but such zniraridnus things were going 
on at that moment before their dazzled eyes that they yielded, under¬ 
standing that it was the will of A Pou Guosa. Thttx first offspring 
bad flat feet; this was a bear. Then there was a second which bore 
riOnic resemblance to a real man; tlife was a monkey* At Iasi there 
came into the world a being that looked like a human being* and this 
one was really a man. Whence comes the tradition: ‘The bear* die 
monkey* uud man, all of tho Home nature/ n 
Fkiaural ritrj-—In cunt cast with the Chinese, the Lolo of Kien t- 
ebang has no cult for the dead* for ancestors. When a member 
a clan, has drawn Me last breath, they cany him in a wooden box 
caLled the f mortuary box.” They bum the body lying in the foetal 
position lUid all is ended. They do not even gather the ashes to take 
homo* And in the future no kind of religious rite will he rendered to 
the shades of tho deceased; he has absolutely disappeared from the 
clan. 

In order to complete this review of the principal characteristics of 
the Lolo mountaineer, I shall here recall an interesting eonvernation 
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that I had with the chief of u largo tribe in the valley of N"gan Xing, the 
acignb yt 03 nok f Von K a, I tun 1 won his confidence, which ii tlm reaeto 
why on one fine day he confirmed or corrected a series of important 
statements that I had recoiled during a preceding journey. These 
are only brief rfeum& bub are very instructive. 

Utensils.—It is said the t there is one industry of the greatest neces¬ 
sity that is found among all races of men in every region on the face of 
the earth ; that is pottery* The peoples of Africa and Oceanic*, even 
m a savage state, fashion all snm of earthenware receptacles from 
day or sandy materia]. Among the Lolos, however, there is not a 
truce of native pottery. The howls and teapots that are occa¬ 
sionally seen at the home of an os noir are of Chinese make, either pur¬ 
chased or presented* In the houses of Lean g Shan or Mao Nlwu 
Shan, you sometimes see a wooden bowl in the form of our soup 
tureen or fruit dish. It is generally well shaped and carefully turned, 
and I have recognized in this important detail the Chinese influence. 

Monty . — The Lolo, for commercial transactions, lies no kind of 
nftri ve money. Though you may see some brass and ail vcr coins, they 
are of Quneao origin. All he know* b to trade by direct exchange of 
merchandise, common barter. 

Weights und meofinw.—There are no weights or measures among 
the Lolos. When he sells grain he gives you 1, 2, 10 loads, each rep¬ 
resenting the quantity that a man of ordinary strength can carry on 
the head, or, more rarely, in a basket. When he sells you any com¬ 
modity ho prpises it in the hand or in both hands and tells you its 
value according to the weight estimated, which corresponds to no 
definite unit, 

Prqfeed&rml trod*** —There are but few trades. The only definite 
ones are weavers, carpenters, and blacksmiths. What partic¬ 
ularly astonished me was that there are tm tailors or dm^nmkera, 
properly speaking. Their clothing is made by the adults thnni- 
selvm The servants may work for their mistress, the ^ouatza" for 
the seignior, but there b no specializing of work in the ordinary 
meaning of the word. 

Cfo&kirujs —Before the coming of the Chinese and their attempts at 
conquest, dating from the fourteenth century after Christ, before 
the Chinese had influenced the aboriginal customs and effected roui' 
mercial exchanges, the Lulu dressed in the simplest, moat primitive 
fashinn. The women'a skirt, the men's trouser, were merely a 
piece of very coarse woolen cloth, draped around the hips and re orb¬ 
ing to the kilties in numerous vertical folds. A cord held this cloth 
around the waists The costume was completed by the mantle so 
characteristic of the Lolu people, the part of its dre** that without 
alteration has eome down to the present time. The mantle is also 
made of a large piece of coarse cloth. It is nearly aqua re, and not 
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skillfully t-ailosedr a* in our count ry\ It adapts itself to the shnuU 
tiers* and is fitted to the neck b}' a oord parsed through n fold in the 
upper border of the piece of goods. The mantle and the *kirt com¬ 
prise the entire costume. 

The ( h in esc at one time offered for sale their cotton fabrics and 
recently those imported from Europe. The Lolos now purchase 
these, and even in the remote districts of Leang Shan nearly all I ho 
men weav cotton pantaloons and blouse, and the women wear n skirt 
and waist of like material. I have, however* Jit the mountains of 
Mao Nicou Shan seen some women slaves wearing coarse^ gray or 
black, woolen petticoats, which are never white, though you fre¬ 
quently see white mantles. The petticoats are the natural color of 
the wool* I have net ascertained whether the Lolos know the art of 
dyeing fabrics, but at the present time, however it may have been 
heretofore, it js certain that for a long period the cm ton rubrics 
spotted with bright colors {red, green, blue, and violet } f which the 
women as well as the men have sought for the turban and their 
blouse, have been furnished by the Chinese. Once, says You Kn, 
the turban of the young man, as well os the hat of the young woman, 
or the bonnet of the young girl, were of wool The Heece of ids 
sheep furnished the Ltdo with all his clothing, even his head 
covering. 

The carpenter is the man who h but little employed, who works 
b*th with the hoo in the field and wnh the uxo in the village. The 
squaring of timbers for structural work is so primitive, mortising so 
rarely done, the framing sir rudimentary, by simply laying beams 
together to hold them m place, tbit it is useless to look for art from 
the Lulo carpenter. 


As to what we tvmi a cabinet maker, that profession is never 
found among those tribes, for the simple reason that the Lolo con¬ 
siders all fumituro as useless. 

Thu shoemaker would have little to do, for the Ivolo either goes 
barefooted or wcort straw bMidaJs that nearly snyoiu can plait, 

Thu blacksmith trade is the most important of all. Hoes are 
needed for the farmer, wa well as a small plowshare, a very primi- 
live kind of implement borrowed from the Chine*!. And above all, 
tlu* Lolo must have iron heads for lances and arrows, and ordinary 
bladra for cutlasses, fine blades being purchased from the 111018113 
The blacksmiths make nothing at all for structural work, not even 
hinges or handles for the doors; not a nail or a bolt—some strips of 
bamboo or bindweed answering for all these things. This is because 
the simple Lolo house h built as by a turn of the hand and can be 
completed m a day. Thisfact was proved by me several time*, and 
I was not nt oil astonished in the case of the ordinary In*, the real 
home of the primitive mountaineer. Of course, mow coru ’ Ls taken 
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m constructing the larger and more comfortable homes adapted from 
Various Chinoso types. 

The mason end the locksmith, like the shoemaker, may be passed 
over without mention. 

There ere no merchants In the dims, properly speaking, nor shops. 
Each family supplies itself or receives from the seignior the material 
necessary for food and clothing. The real necessities of life are less 
complicated than one would imagine. The Chinese merchant never 
settles in the villages, nor in the territory of u tribe, but sells Ins arti¬ 
cle* through a colporteur, traveling from group to group. He is very 
largely paid in cereals, wool, or animal hides. 

After this review of the social and economic organization of the 
Lolos T various other subjects were discussed, and You Ka responded 
with no less dearness, I already knew much about these people, but 
it seemed very important to verify my first observations, 

“la it true that the Loin does nut wash himself ; that ho tievpr dis¬ 
robes to sleep? P ’— 111 He bather in summer in the mountain streams, 
and washes Ins feet throughout the year at dawn of day, but lias nut 
felt the need of other washing. Our women, our housekeepers, with 
a strict sense of cleanliness, never knead com or buckwheat, flour 
without having carefully cleaned their hands and forearms in plenty 
of water. Otherwise they are not particular about washing; It is 
really useless. Our people are not accustomed to disrobe at night. 
He sleep*, jis you hive seen at Ta Chi Chou and nL Y Lc, crouched 
before the fireplace wrapped in his mantle. We are always on the 
alert, always ready to face an approaching enemy or to rush to the 
call of the chief for an attack/* 

J 'Did you know of rice before the advent, of the Chinese? Was it. 
cultivated by any of the tribes ? IP — J * That cereal was unknown to us. 
It was the Chinese who brought it to us and taught us how to cultivate 
it. It Is, however, ns you know, used only us a delicacy by such of 
our dans as possess rice fields/ 1 

"Is it true that you can prepare meat In such a way as to obtain a 
powder that will keep for a long time 1 **— E c Our ancestors taught us 
to cut meat Into thin stripe and to dry them m the air or before 
a fire. When once hard and brittle, the strips are pounded in a 
mortar and reduced to fine particle*. This meat powder will keep 
in good condition for two years when the desiccation has been 
thorough, hut only one year or less under ordinary conditions. It Is 
prepared for consumption by dissolving it hi water." 

"To make a fire did your ancestors have any method other than that 
uuw employed — that is, the flint? Have they any other processes of 
lighting than by chips or slicks of pine or fLr- ? r *Noj they light the 
tinder, as you know, made from tops of the immortelle and other 
plants, by striking the flint with a piece of iron. Our ancestors never, 
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liko the Chinese, used colza or other oil for illumination; we use that, 
anil also piiio cones held la tha lumd or fastened to si>metliing as you 
have seen." 

I then called attention to the fact that coal, so abundant in these 
regions, is little used by tho Lolos. In the dan of Von Ks they have 
used it for only the past 40 years. In the different districts that I 
traversed, places far from the center* and inhabited by various 
tribes, I never saw them make anything but wood fires. 

The chapter on religion is short, but You Kn declares that the 
tribe* have no pnussahs (grotesque religious images) such as the 
Chinese* have. They never pray in his clan nor in othera elsewhere. 
His god is his tuft of hair rolled up in bis turban. This is his 1 ‘corne/’ 
”Is the gad represented by the tuft itself, or does he dwell there as an 
immaterial being V X could not make my meaning clearer, yet Vou 
Ka appeared not to understand it ; such fine distinctions were beyond 
his comprehension. T\ hen they make an offering, chere is nothing 
religions or sacred about it; they drink some brandy mixed with 
blood, the blood of a dog that has been sacrificed. 

Lout re Ming and others had given me some information upon the 
penalties or crime in the tribes or clans and I wished to hear them 
confirmed by Vou Ka. He explained them dearly, summing up as 
follows the common law—there is no written law; 

DEMihr, faH ldll«l should die. If therejdi.Hjld be my ft tten.mm ff eireucisfcmcM 
Oitiy pfijmiu thtr criminal to OKecuto laEnisoIf either by wikter tit bv tho mnn, but if 
ke hEi-itatw they dtoira him At once in Lb* mono tain Urreut ur dalumg him." There 
Are ilu KLicb horrible Lortuicid clr ono fitick mnong thn Chinese. 


' on Ka confided to me that bis people have none of tho loose 
manners of the Chinese, and it is true. Tho Lolo has a von’ high 
ideu of that sentiment which we Call modesty. 

This modesty is so real, so deeply rooted in tho intelligence of 
these primitive people, that it is tho depth of disgrace te a woman 
and to all her dan likewise if she should expose her naked body. I 
C=in cite a curious st riking instance of this characteristic, really grand 
till that ft genulno sorrifiro involves. 

When i wo tribal enemies have long boas in strife, so that frequent 
and deadly encounters cause desolation and rain among families 
with no hope of reconciliation, the wife of tho eld of of one of the 
tribes resolves to sacrifice her female modesty, in order to •bring to 
an end 1 ho dreadful feud. Her decision made, aho hastens by devious 
paths, on tho day fixed for the encounter between the two bands of 
warriors, in order to reach the plate before the fight begins 

Quickly, then, none daring to hold her back, sheets herself 
between tbo host ile ranks and in a becoming manner, in simple worda 

t ! 11 ^ ,t0ra ° P Ut *" ** t0 - ™mago which U lasted 
too long, which bus threatened the annihilation of the bravo mi l 
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strong of both tribes. f 'Do they still wish to yield to their hatred* 
to sacrifice themselves d forgetting that their wives, their children, and 
their white-haired aged ones will noon have no protectors ?" If her 
prayer has no effect, as the warriors stand like statues, eavogdy 
keeping silent, she begs them for the last time to listen to her. But 
if the lances be not lowered, then heroically, with a bold gesture of 
sublime immodesty 3 she thrown aside her clothes and stanils entirely 
naked before the ranks of men. A clamor then breaks furth, vibrating 
through the depths of the ravines, mounting to the summits, a clamor 
of shame and of despair hurled forth by the warrior of both clans; 
this time the lances are lowered and the deadly feud is closed. By 
sacrificing her modesty the woman has triumphed;’ by tins great 
sacrifice all their hatred is thus suddenly ended- Thera is shame for 
all these men for having provoked such an act by a respected wife of 
a chief, there is shame, but endured entirely by theml They tremble 
with horror for a long time, recalling it with anguish. Modesty 1 
thou art not then merely a word in the land of the primitive Lulol 

X wall give an amusing account of the ceremonial accompanying 
every Lolotte marriage; translated by Father Martin, 

As soon us the fiancee arrives in the tribe of her adoption the 
marriage is celebrated with great pomp If the family ts well to 
do, the goreerer is colled with hi^book of traditional conjurations or 
adjurations and threats Against evildoers. His rituals are said* a 
cup of M ehao tsieou :P in the hand which he pours out on the ground 
at the end or toward the four points of the compass; this Is the 
ritual gesture* His principal rOle b to clear from the path of the 
youm! couple the evil genii, but he must also make some wishes for 
thch happiness, for abundance of good things of this world, for 
posterity, and for long Life, Has cup of alcohol in hand, he erics: 

A IflmlLon 1 A Libudon to the prcftBclina spirits above, to Ibe pod Ap>u Ouosa, 
to the shad ft* Su-low, to the spirioi of ilia tnmmUims, to the spirit* of the valleys, to the 
ppiriip 4<J the East, in th '-c of the Wert. to tho.^> of thy Xonh K m those of the South. 
A libniuti to you, spouse X ! To you both, may the cffiirii-s on hbjh give you full 
of happiness; Ukcwiso the hpiriu bolowl May the god A^u Oiichh kwl you 
with bicsHmu*! May he protect you by day, deftaid you during the night! May there 
came to you abundant posterity; flump sons to. r th-? father, some daughters for the 
mother. May the nm? live 99 ycura and the tJau^htenc 77 T and may such posterity 
con c i ni I p for 1,100 yearn! Fo>tco t bn by day. vntchfu Ine&f by 3] igh1 1 To yo le two a when 
you shall bpemi the day uii the mountain and should the evil spirit ■■ - me, n.:xV the evil 
one fly away 3 I f the evil npirlt wu, may it I]y away t Whr-n tho newly ni.urir -«\ h tis- 
banrl shall niuer or leave his heme. If the evil one seeks to arcempbay him, may he be 
powf i rh^ r may he fly iway! If it be that evil -pint X,, may it fly arrays U die evil 
spirit M-, may it fly away; if the evil spirit N., may it fly away! If Ehp newly anat* 
ried erpoiiae go*?* in Ed the villa.imd the demon of the thickets should ftnua toward 
b or, may i t fly away 1 I f it be the chief of devils, uta y he Elec 3 May the witches heni e- 
forth vanish 1 Stay evil omens cease! Away iniaforliinoS Away sfckm^f You two 
Tfwn-iwl ones in your white old age, may you have youth with teeth complete! May 
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the gntssfl* ««iig in crowds to the wadding! Enter it right, be at paiee, return «j&. 
ABlitedl In drlcLkfeg at the sipbun, do not drink to BraSocatinnj in eating of the mcatj 
do not dinko juaneHl Pmtwimti by day h imtchfnlam ni night! May the good 
spirits Ibten to your prayers, that not a hair of your htsde wy (hilt 

political oho animations or THE LOl.O COUXTRV. 

I have said that the Lolos are divided into clans, into tribes, -which 
not only lack a common bond, hot are often in conflict, weakening 
and ruining them*rives in bloody feuds. It is seldom that two oi 
throe trilies join against an enemy* When such an agreement is 
made it never lasts long, but is broken os soon as the expedition ends* 
Tiie most powerful of the tribes, called La Hong, which can put in 
the field J0,000 fighters, some say 20,000, has never been able to 
assert its supremacy over the smallest tribes so as to make them 
submit to its law. Political Isolation of the clans, favored, If not, 
caused* by (he nature of the soil and the wild character of the region, 
still predominates. It is kept tlua way by its pride, a peculiarity of 
the seigniors, and of the least little chief who can not conceive of an 
authority superior to his own. Scattered over a wide region, in 
sinaEI villages of 10 to 20 households, rarely more, connected l>, 
simple paths nr trails often dangerous, the Loins do not form a 
compact body of people that might be termed a nation. They are 
still in u stage of political evolution. No village, even that of the 
most powerful tribal chief, has vet been raised to the dignity of a city 
of the lowest Hass. An assemblage of a hundred families in a sort of 
small in trend ied eamp is altogether exceptional. 

Origin of (he Lola- -1 Tow was it that Kicntchang came to be the 
home of the Loin; is it claimed that he was merely an immigrant in an 
ancient epoch i Why did he penetrate Into this wild anti inhospitable 
mountain pasture ? Did hr come to conquer it, driving back or 
uniting a more feeble race, or was ho only a refugee in quest of a 
shelter, a human outcast driven aside by the flood of great invasions ? 
Did he flee from the west or from tlis east, from Birman ie or some 
region of Szcch'uun, or from n much greater distance! Some tradi¬ 
tions place hhn as coming from Shensi, but it would be imprudent for 
any one to think of solving the problem at Lhia time. It requires 
long <wd patient research on the conditions of this people's existence, 
its lack of culture rendering tile study a very intricate one* It is 
likewise ven* difficult to determine its racial origin. The existing 
types present some variations, some ethnic order, that indicate a very 
varied ancestry. There is an undoubted mixture even in the noble 
caste, the CM noire, among w hom you would search in vain to make 
out one well-defined race, 



the physiology OF SLEEP. 1 


By It. LlEOXXDEtK. 


Sleep is one of the most necessary function* in our lives. It occu¬ 
pies a third of our existence. It is therefore not at all at range that it 
should bo a subject of deop study and research by numerous investi¬ 
gators; in fact, poets, philosophers, psydiolugS^s, physiriutis, physiol¬ 
ogists, and others contemplate the subject and examine it from their 
savora! points of view. 

Topoef* p according to their feeling at the moment, sleep is in turn 
distasteful or pleasing. Wishing for action, they call it "brother of 
death, M bui more frequently, absorbed in reveries and dreams, they 
banish that thought, for deep no more resembles dentil than does a 
smoothly flowing stream resemble the calm surface of a lake. 

Bay m tor ovil dciin”, fur wmrme^ nu ■-! hale. 

Night is the well-beloved, she who brings tranquillity, repose, and 
dreams; and the poets invoke her, begging her to stay. 

Oh f venerable night, frem whw depths prpfoand 
Thioogh rtullestflpiiea peacahilly flew 
Bread eihery stream* from countless world*, 

Aod into man pours ritlfn divioo, 

* + * • * , 

Alt lilo is mute, fop 'imath thy spreading wing 
It drinks of sleep at shade til wv* f 
A ti i» It deep and wuodroui, that, 

All Upfl. imbibe in fllleoc* at thy dark breast. 

Sully FHumrmniK* 

Sleep seems even as a god who, with forehead crowned with poppies 
and wrapped in dreams, slumbers in the depths of an obscure grotto, 
isolated by the river of forget fulness. 

To philosophers, also, sloop i* a subject of deep thought, it opens 
up, indeed, two great problems: Fimt one may ask what becomes of 
our consciousness during sleep, and the question is an important one 
when we agree with Descartes that thinking is proof of our existence. 
Should we believe that the mind acts continuously in our dreams 1 

l irfvuue deHvrred M*y 7, ISU* it lb* Xalkral Miumtti ul Nitural Hiitary. FttfcL ttmutart bj 
jrfmiv-.loQ £rana Rrina BdrntHVi^, PirU, £erty-nlolti jw. Jun* 17, i«L 
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Or is our consciousness discontinued ? 1/ it be not continuous, tom- 
can me account for that deep feeling that vo have of the unity and 
continuity of our personality ? 

Moreover, how do we distinguish the dream from the reality % 
Descart ea says : 

How many times at nitflrt have I thought that 1 woe in a certain mom, that I waa 
ch.tliod, tlmt 1 was near iho iitvplacc, although I was iwdowrf and in my htd! ft 
is plain to mo at this mamonl that it is act at all with sleepy eym that I hehuld this 
pajK.r; that this head that I nod is not at oil drowsy; Quit it is with ijfei^ti and 
omte purpose that I eiu-od this hand and feet of it. What hapjw.ia to mo in my sleep 
is not near bu clear and distinct as this. 

We certainly distinguish fur more clearly the incidents of our 
daily life than t hose of our dreams. Yet, after all, who has not asked 
himself on waking up whether these thoughts were visions or the 
reality? And how cad he be sure which is correct 1 This explains the 
perplexity id Pascal when he says: 

UTio knows whether that other part <A life when we think w« are awake is but 
anethcr kind of <di*p, u triite different from the first, to which wo are armm ,[ when 
Ttif think ffp are 

These two conceptions of a continuous personality and of the reality 
are subjects of psychological studio* relative to sleep. Not, only do 
Jisychologists observe these in respect to themselves but their vari- 
Btions in other persons. And they have demonstrated some curious 
phenomena. Though most men have a distinctive and strong peison- 
ality, there sire those in whom personality is disorganized, and some 
have come to have two absolutely independent person ah lies, as the 
hysterical individuals observed by MacNisb, Azam, and others. 
Though the majority of men clearly distinguish the genuine from 
jt is equally true that some can not make this distinction and 
take their dreams for realities and realities for dreams. Disorders of 
the personality and the perception of the reality arc, however, patho¬ 
logical conditions and their study is altogether more within the 
domain of the physician than of the psychologist. The physician 
devotes himself to numerous problems pertaining to sleep ’ teide 
from the hygiene of normal sleep which is within Ids jurisdiction, he 
must also consider its disturbances, such as hysteria and various con¬ 
ations more or leas comparable to sleep, as hypnotism, lethargy 
anesthesia, coma, sleeping sickness, and the like. ^ ' 

Hysteria is an illness that most disturbs steep. Besides die con 
ditions of disorganization of the personality and the Joaa (if pen orJ 
rion of the reality of which I have spoken, hysteria presents other 
disorders, either provoked, as in Hypnotism, or involuntary aa in 
lethargy. A discussion of these phenomena would be very \nu.r i 
ing, but it would take too long a time. * ** * 
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Unconsciousness caused by chloroform, ether, and other anesthetics 
beans only a distant relation to natural sleep. It differs^ among other 
thing*, in the impossibility of exciting an awakening* Coma differs 
a til1 further, for it is very dose to death; wldle sleeping sickness is 
com parable only in name, for it is caused by parasit es and produces 
torpor only in its last Binges* Laying aside all these questions, the 
exposition of which would require several lectures, I wilt talk to you 
of natural sleep alone, and of that only as n physiologist, for the 
physiologist also has 1 tin opinion to express upon the subject. 

Generally the physiologist hardly speaks of deep, and though it 
hikes up the third of our lives, it is far from occupying a third part 
of physiological books* A page or a few lines is all wo find about 
this subject even in die largest treatises. It is not only studies and 
definite theories concerning sleep that are lacking among physiolo¬ 
gists* but precise observations are rare because they are difficult. 
How, m fact* can you experiment upon a being wrapped in dumber 
without waking him ? How ran you produce genuine sleep, which 
is really a voluntary act I How distinguish natural sleep from the 
state of torpor so often produced in experiments? Though all these 
questions are not answered a yet the subject seems to me to be of 
enough interest to warrant my showing you the actual conditions of 
this great problem. Let us first of idl try to understand what that 
is which is railed deep, though it k much easier lo tell what It is not 
tlian what it redly is. It b certainty not like a narcotic state, nor 
hypnotism, nor the lethargy which I just mentioned* It fa different 
front the changing rhythms of certain plants, us the Lniffle, the sensi¬ 
tive plants ami it ctilTers also from the hibernating sleep of the snail, 
the marmot j and many other animals. But what is it exactly * and 
what do wo know T about it ? There are definitions enough by psychol¬ 
ogists as well as by pi^siologkts, but none are satis factor;', and I 
believe it would be better to at once describe the mechanism of deep 
rather than tediously to hunt for its precise formula. 

Let us then examine a man asleep, a man in preference to an animal 
for to external observation we ran add a description of what we fWd 
in ourselves. Conteoiy to w hat one would be inclined to believe, wo 
do not go to sleep because we are fatigued, for great fatigue may 
indeed provoke insomnia* just os a long w alk in the country will cause 
great exhaustion in a pram who is not in training and often ren¬ 
der difficult the customary slumber, Wo actually go to sleep 
either through habit or through a spirit of indifference to our smv 
roundings. Through habit, we go to bed even' evening and sleep all 
night. The sight of our bedroom, of our couch, the darkness, the 
silence, recall the habit, and incite us to slumber. But this k not 
merely a habit, for it varies with each Individual One who goes to 
bed regularly at IQ o'clock becomes sleepy each evening at that hour* 
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while another who has no fixed time for miring does not fed the need 
of it at any special hour. Some, again, can not sleep in daylight, 
some heartily enjoy long morning nups, while others work hy night 
and sleep through broad daylight, The best proof that a special time 
for sleep is merely a habit is that we can readily change the hours. 

* If T wish I can pass this night without sleep, and likewise, if such be 
my desire, I can go to sleep ns booh as this lecture is finished. An 
experiment may oblige us to pass one or even two nights without 
sleep, and without affecting the accuracy of our observations. A 
physician is awakened for an urgent operation; he performs it without 
a mistake. Who lias not in mind the story of entombed miners look¬ 
ing fur deliverance many days without ceasing? Not only can we 
sleep or stay awake fit will, but we can regulate the duration of our 
si umber. Most persons si cep eight 1 mum <1 oily, but we can sleep longer 
if wo make it a habit, anil much less if we nml to do so, Napoleon 
slept only tlirec or four hours a day. What bettor example of habit is 
there than that of some children who can go to sleep only after the 
mother's good-night kiss, and that of persons who can sleep only in a 
certain position ? 

But nur sleep is not always tine to habit. The sight of others asleep 
near hy t n monotonous or even a varied noise, have put us to sloop, 
without our thinking of it. So some persons fall asleep at their 
studies, at lecture?:, and even at the opera. The process of digestion 
and fatigue certainly favor sleepiness but its true cause is indifference 
To yawn r to dos% are signs of weariness, “ Tliey doze,” says Bergson, 
fF in the exact proportion to their lack of interest in their surround- 

* ii 

mgs- 

However, cue must not believe that sleep is either merely a habit or 
an act of indifference alone for it is equivalent to a necessity, and we 
could not. deprive ourselves of sleep without serious consequence*. 
An auimal deprived of sleep dies after a few days, much sooner than if 
it were deprived of food. We generally sleep longer and much 
sounder after prolonged wakefulness, when our attention has been 
most sustained. Sleep refreshes, it revives. If it is an iastLitcl, a 
habit, it is an exo dent. one, and wn would not know how to do 
without ik * 

You know the signs that are forerunners of sleep. The first is a 
sensation of pricking or tingling of the eyes r wliich h explained to 
little children as the corning of the sandman. Then we begin to 
gape, the head grows heavy, the limbs weary, the eyes close,, atten¬ 
tion vanishes the head bends, and we doze, Fur a time we still am 
conscious of the things about us* but presently the sense of smell and 
of touch are gone, the hearing weakens. With these last Sensations 
are often mingled shapeless dreams, with little intensity, incoherent, 
then all ceases, our cumsdouKdess is gone, we sleep. Steep varies hi 
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duration; the newly bom slumber 18 to 20 hour? a day, adults about 
8 r and the aged only 5 or 6 hours. It varies also in intensity. Some¬ 
times wc can sleep “with clinched fists/ 1 and “a report of a cannon 
would not awaken us.” At other times the least noise wakes us up. 
Then, certain noises disturb m more than others and not always by 
their intensity; ju&t as a sleeping mother h awakened by the slightest 
-movement of her sick child and does not hear other sounds much 
louder in the street. The soldier in his tent, is not awakened by the 
noise of liis comrades returning late, but the sound of the bugle wakes 
him instantly. Clocks strike evei j hour of the night, but only the 
customary hour for rising awakens us. A passenger on a steamer 
sleeping amid the whirr of the propeller may be awakened by the 
cessation of the sound, so with the miller sleeping amid the chirking 
of t he milL 

Sleep is not continuous from beginning to end. We have marked 
its intensity at different periods by observing the strength of irrita¬ 
tion necessary to awake the sleeper and we have noted that it becomes 
deeper and deeper up to the second hour, then gradually diminishes 
in intensity until the awaking, Waking up, hko going to sleep, is 
premeditated, spontaneous, or provoked. Wc awaken cither because 
we have wished it, or have slept enough,or because of some exriting 
cause. Many persons can wake at any hour that they have pre¬ 
viously fixed upon, and some never make a mistake of more than a 
Ljuarter of an hour* In some cases the waking up may be due Lu 
habit, Sleep may cease the same hour oacli day because of a njs- 
lomary noisCi as of the ringing of a bell or the passing of a vehicle, 
or at tho dawn of day* A person may spo n t&neoualy end his sleep 
because he has slept enough, having passed the customary S hours 
in rest. But the best-known causes of waking are external or inter¬ 
na] sensations. Hunger P thirst, cold, may awaken one. Disor¬ 
dered respiration or circulation,duo to an uncomfortable podtion, 
produces wakefulness, often, accompanied by nightmare* The emo¬ 
tion caused by certain dreams breaks our slumber. If I drum that 
I am going to be crushed or that I am drowning or falling, I wake 
ill agony before the dream is ended. An unusual noise, a sudden 
gleam of light, likewise awakens, besides other sensations that T wilt 
presently mention. 

In waking up we repays more or less rapidly through the same 
conditions as in going to sleep* Our consciousness gradually returns, 
our eyes open* and we remain an instant half awake, all ready to go 
to sleep again if tho cause of the waking should cease; but if it eon- 
timies, wo take account of our condition, recover consciousness of 
our surroundings, rocogniite the time, the light, sounds, and, cum- 
plotcdy awake, with renewed knowledge of (he real, we yield to our 
first judgment, recover our memory, and decide on our actions. 
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This observation that anyone ran make leads us now to examine 
some of the definitions of normal sleep, 

We may say with Barthes: "Sleep is a function of the vital prin¬ 
ciple alternating with being awake,” or, better, a vital function alter¬ 
nating with being awake. With Sergueyeff, wo recall that it is nec- 
essary and periodic; with Manacfiiao, that it ia the period of repose 
of our consciousness; with Bergson, a reaction from indifference; 
with ClaparMe, that it is an instinct or a habit. All these definitions 
arc exact and their resemblance characterizes the phenomena clearly 
enough. But if we would go further and know why we go to sleep, 
wo must not only observe a man asleep, but more than that, we must 
analyse the action of various bodily functions during sleep, 

Making experimental observations of sleep is peculiarly difficult, 
fliere is great risk of disturbance merely tlmough one's presence, by 
noise, or on account of apprehension or irritation caused in the sleeper 
by the pressure of the instruments resting on 1dm. Although there 
are difficulties almost impossible to overcome, yet physiologists have 
succeeded on several occasions in making important experiments upon 
sleeping men. 

First of all, certain observations require no instruments, such os 
measuring the number of respirations or the beating of the heart. 
Then one can become accustomed to going to sleep while holding an 
instrument which wlO register various movements produced during 
sleep. Sometimes you come across coses where, ss the result of a 
fall or from a surgical operation, there is an opening in the skull 
exposing the brain. By observing such cases we can actually see 
what happens to tlie Idddcn organs during sleep. All these methods 
of observing have resulted in establishing certain data that I will 
briefly review. 

Digestion goes on effectively during sleep. The evening meal is 
digested during the night. Tho midday meal, especially when it is 
heavy, causes drowsiness in some persons. The proof that digestion 
is active in the night ia the fact that waste is generally accumulated 
in the morning. Furthermore, in the case of pereons who have died 
during the night the autopsy shows that digestion is further advanced 
the longer tiro period intervening between the last meal and death; 
from this fact the probable lime of death has been indicated at 
coroner's inquests. The activity of the stomach indicates the cause of 
the unsemiu of the brain vvldch induces sleep. To the hygienist, 
digestion during sleep solves the problem of determining whether it is 
better to go to bed immediately after a repast or to wait several 
hours until digestion has commenced. 

Excretory functions continue during sleep. It ia a well-known 
fuel that perspiration is then active and Unit the Bladder is f u ff in 
the morning. The heat of tire bed may be a partial cause of |wrspira 
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lion; still, the perspiration i±t then profuse, and Sanctpriws states that 
one perspires us much during 7 hours of sleep us in 14 hours when 
awake. The kidneys are active at night and the urine in tiro morning 
is generally denser than in the daytime, According to M. Bouchard, 
who studied the effect of urinal poisons hy injecting them into ani¬ 
mals, those formed during sleep are convulsive and those formed when 
awake are narcotic. By thuir mixture much of the poisonous effect 
is lost. 

Respiration is modified during 1 sleep. It is easy in observe this in 
the case of those who snore, although the cause of snoring is little 
known. Generally the respiration is retarded during sleep, being 
deeper and more regular. In order to study this carefully, Mosssu 
applied to his cheat a pneumograph, which indicated the respiratory 
movements during sleep aa well as when awake, and lie established 
the fact that- the inspirations are longer and the expirations shorter; 
the thoracic movements are greater titan the abdominal ones; the 
rhythm is modified and from time to lime the inspirations are replaced 
by distinct series, by pauses, or by more feeble respirations. Respira¬ 
tory changes have been studied thoroughly by Pettonkufcr and Volt, 
who used for that purpose a cliamber of 12 cubic meters capacity 
made of sheet iron, in which a man could remain for several days, 
os the ventilation was regulated by two suction pumps, die atmos¬ 
phere was analyzed as it came from the room and the amount of 
carbon dioxide eliminated was found to bo less during sleep. St. 
Martin, who made his experiments on a turtledove, reached the same 
conclusion. Tins diminution of the amount uf carbon dioxide exhaled 
niwv lie due simply to cerebral repose in the absence of any muscular 
action, or to other causes. M. Raphael Dubois lias held the theory 
that-the decreased exhalat ion of corlxm dioxide » in pro|x>rLion to 
an accumulation of the guts in the blood, which acts os an anesthetic 
up to a certain point, and then excites tlte canters of wakefulness. 
Tho body temperature generally decreases during sleep. Marie do 
Manac&no lias observed that it falls os low as 36.45° t ■ during iho 
summer and to 36.05° C. during winter, the lowest temperature 
occurring between midnight and 3 o'clock in the morning. The 
temperature of the brain also diminishes equally, according to observa¬ 
tions by Moaso, which will have our attention presently. 

The heart action is retarded during sleep. Former investigators 
discoverer! this by observing the pulse, mid more recently this has 
been confirmed by definite experiments, JIosso, by flic use of 
suitable instruments, was able to register die pulse in the forearm, 
the leg, mid the brain. Francois Franck observed that the contrac¬ 
tions become weaker and the interval between heart boat and pulse 
beat is greater than when awake; the arterial pressure diminishes, 

<£734«_au Hill—38 
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to increase replay on awaking. Brash and Fayerweathor observed a 
lowering of the pressure during the first five hours or sleep, followed 
by an increase up to the time of waking. 

Externally you find ut the approach of sleep, effects of a slackening 
of the circulation; sometimes the surface of the body becoiriKS con¬ 
gested, indicating tlm need of a loosening of the clothing, Uosso, then 
Francois Franck, measured this expansion of t he blood vessels near 
the surface, and Howell, thon T^limami, observed that it iuereuaea 
until the second hour of sleep, then diminishes until awaking. It 
has been possible to nolo the conditions of the circulation in the 
brain in nubjocls who have lost ]>art of the skull, or on very young 
infants whose skull bones have not yet united. Tho first to make 
tins observation was Bluinenbnch in 1795. Ho had occasion to exam¬ 
ine a young man IS years old, who before the ago of 5 had fallen 
upon his forehead, sustaining a fracture of the skull, causing loss of part 
of tho bone. H hen Blmnenbach saw it the wound was healed, hut 
one could feel an opening underneath; this was depressed during 
sleep, diminishing when awake, and replaced by a bump during a 
strain. Bhimonbneh concluded from this that there Is less blood in 
the brain during sleep. Durham made these observations on some 
animals that ware trepanned and chloroformed, and Jio noticed that 
the arteries us well as the veins war© loss swollen during sleep. Ham¬ 
mond cm nlirmist these conclusions, and even before Durham, ho had 
watched a man whose brain was laid, bare by a railroad accident, 
and ho saw tli© pressure of the brain diminish during steep ami rise 
up when the matt awoke. He found the same condition in young 
infants. But the accuracy of these observations was doubted and 
was disputed by various writers, and it was only the registering 
experiments made by Mosao, Francois Franck, and SalatJiG that 
the ijuwlion. Solatia held that the fontanels of young infanta 
beat more strongly during sleep, indicating a diminution of pressure 
willdn the skull. Francois Franck, in tho case of an invalid stricken 
with necrosis of the Tight parietal bone, observed the sumo move¬ 
ments of tho brain ami the same diminution of pressure, Moss© at 
laat registered in several cases where the brain wns accessible the" 
movements which bike place during sleep; the pulse, regular and 
uniform, was not so high us during wakefulness. Furthermore 
Brodmatm has added to these observations tliat the act of g 0 in^ to 
sleep is characterised by a sudden increase in the volume ©Mho 
brain, and waking up by a diminution in its abse. 

Tliese statements concerning anaemia of the brain and expansion 
of the blood vessels of the extremities during sleep has led certain 
writera to seek here an explanation for sleep. Five hundred voara 
bt*>re Christ . Alcm^rn of Oretono said: -Sleep comes from a flowing 
bark of Die blood into the veins, and waking up j$ eausw j hy Q 



PHYSIOLOGY OP BLEEP—LEU SNORE. 


595 


retraction; if this blood refracts completely it meiwa death. 1 ' More 
recently many have likewise held that sleep is due to cerebral aiiicmia. 
It is true others have presented a contrary hypothesis, namely, that 
sleep is due to an influx of blood to the brain, while others still, dis¬ 
countenancing these contradictoty statements or busing their opin¬ 
ions upon other experiments, have reached the conclusion, which 
seems to be the best, that neither sleep nor wakefulness depend upon 
cerebral circulation. 

Sensibility is preserved during sleep, since we can then hear, feel, 
and smell. The working of the sense organs seonis, however, to bo 
modified. The eyes are generally shut tight; the tears Jess abundant, 
and by tliis diminution of lachrymal secretion is explained the pricking 
sensation which precedes the desire to sleep. Under the closed eyelids 
the eyes are directed upward and diverge, according to certain 
writers; end tho pupils are contracted, being dilated again just at 
the moment of awaking. 'Hie sensitiveness of other sense organs is 
diminished, but it is hard to tell whether this reduction is due to the 
organs themselves or to the quieting of tlie nerve centers. 

The muscles ore generally Telexed , One may move very frequently 
while asleep, and wo have rend or persons sleeping on horseback or 
while walking, by which certain muscles arc necessarily contracted, 
Oalien, who Heard such a statement made nut tong since, put no faith 
in it; but he was compelled to believe it when one night that lie was 
obliged to walk constantly lie fell asleep, and while going the distance 
of a furlong was distracted by a dream, Tho nerve centers also 
undergo modifications. 'Hie reflex movements dependent upon thrm 
increase a little before sleep, diminish, then disappear. So the subject 
who falls asleep and is tickled by merely touching the nose, hand, or 
font responds less und less to these irritations and reacts only to those 
thut are made more and more intense. 

The cells of the nerve centers of animals killed while awake or asleep 
have likewise been examined to ascertain if the cells present any vari¬ 
ations in appearance, and if the difference noted can be considered a 
histological cause of sleep. Stefanowska observed not lung in tho case 
of sleeping mice, which was not astonishing, for in killing them they 
woke up. But others have believed they could discern something, 
and Mathias Duval has explained sleep os well as all other cerebral 
phenomena, by an ingenious hypothesis, ivliich though without 
foundation has had the good fortune to rapidly l>ecome classic on 
account of its simplicity, and of which you have surely been informed. 
The nerve cells lengthen or contract and so permit or prevent com¬ 
munications between the centers; sleep would be simply due to their 
contract ton. 

Such are the physiological phenomena that have been observed 
when man is asleep. Tho simple observation of slumber has enabled 
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UK to examine it# definitions. uml actual experiments permit u dis¬ 
cussion <>f (.he theories which aim to explain it. 

What causes sleep t Why do we sleep f An answer is difficult 
when we consider all the phenomena that- we shall enumerate. Tf 
you aim to be precise there is great risk of being either inexact or 
incomplete, und nil the other hand if you wish to make your statement 
general it will prob&ldy lack precision. 

I hope that what I have pointed out may indicate the difficulties 
involved in ail explanation of this phenomenon* To one who has 
observed and reflected hut little, tho explanation is very simple, for 
he easily imagines that such and such n cause induces sleep. But 
when the observations art) accumulated, since their examination 
requires a careful study of all their phases, then the answer to the 
problem becomes difficult, anti one is never certain of solving it, even 
after long research. It- is in this spirit tlrnt I would like to have you 
listen to the conclusion of tills lecture, The inconsistency existing 
between learned men sometimes brings a smile to the lips of those who 
do not understand all the difficulties of their work; but it is due only 
to their desire for the truth, to their t hirst for progress, and 1 beg of 
you to consider the theories that 1 am about to propound to you with 
good will and sympathy. 

Lot us consider, then, tho various explanations that have Wn 
given for sleep. 

Some early writers thought that sleep depends on a flow* of blood to 
the brain resulting from a recumbent position; but we have seen that 
the brain contains less blood during sleep, and we know besides t hat a 
person can lie down for a Jong time without sleeping. That theory, 
therefore, antedating the experiments, lias no longer any interest 
other than one of curiosity. Repeated observations on the depJace- 
mont of the blood pressure from the brain te the extremities during 
sleep gave basts for the thought that sleep is due to cerebral ana? mi a 
The diminution of the quantity of Hood in the* brain produces sleep 
by various mechanical actions. If, then, the brain fails to receive 
enough nourishment or if the waste be not quickly enough removed, 
i he cerebral cells will cease to w ork either from u mania or from intoxi¬ 
cation* But other writers have criticised these hvpolhp&es. Brod- 
mann, as we have said, observed an increase of blood pressure at the 
moment of going to sleep and, still further, he could not establish tho 
relation between the circulation in the brain and that of the ext remi- 
ties which forms (he basis of these interpretations. VulpUn and 
Brown-Sequard have already stater! that the experiments which pro¬ 
duce either a great anaemia or a great rush of blond to the brain do not 
induce sleep. And Richet adds to the words of these critics that the 
variations «f pressure due to waking up or to going to sleep are much 
than those due to the position of the head, as show n by ..bserva- 
tions on pigeons* 
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Modifications nf liie bloud and of the lymph have iikewko been con¬ 
sidered a* cauises of sleep. The blood, beaming more vise™a nnd 
thicker, renders the working of the brain more difficult or dries up the 
nerve cells. Then, again, the lymph increases by drawing water from 
tha cells. Devaux, who held this last hypothesis, justifies it by the 
observation that the eyelids and the stfrin of the fare are swollen after a 
heavy and prolonged sleep. Unfortunately, experiment, proves that 
there is no relation whatever between the need of sleep and the condi¬ 
tion of the blood . 

Besides these circulatory theories there are others which explain 
sleep by nervtvphetiomena. Sleep might be due to an interruption 
of communication between the hemisphere** of the brain and the rest 
of the nervous system. Or it could be caused by the interruption of 
the contact of the nerve cells, as we have already shown. Unfortu¬ 
nately, these theories lack experimental justification. 

Tho idea of explaining sleep by inhibition, that is, by a function of 
arrest of the nerve centers, has mislead many physiologists. In its 
most complete form, as held by Forel and Oskar Yogt, tills theory 
could he explained as follows t Sleep is an inhibition produced by a 
cerebral anosmia consecutive to the excitation of tho vaso-motor cen¬ 
ters by certain factors such as the sight of tho bed, by the coining of 
night, etc,, or by a feeling of heaviness in the brain, 

Again, some writers have attributed sleep to the absence of external 
exciting cause**, basing the theory on observations of invalids under 
the control of general anesthesia who go to sleep as booh as their eyes 
are closed and their ears stopped, Unforttmatdy, these patients arc 
in such a nervous condition that, their sleep is not normal* And 
although silence ami perfect quiet favor sleep, yet we have already 
seen that one can sleep in broad daylight in spite of noise* t/lapar&de 
has made a keen and striking criticism of these circulatory or nervous 
hypotheses. T fe says: 

Wo wfli confine SHOT niauu-ka to the following: Firat, tho frypothe*!«?a mootfoned am 
far from ujjoq defmile facta; maJiy of them cohLridiefc one another; second r tho 

au|n]NiHd phonom^na, wen a thoy teal, mi»ht juat m well be the rcaultd as tho earn* of 
llucp; uinl finally, i ho claim Urn iho*>phenomenaoiimalcap, arc tho why and whs*- 
fore of ita median i«m, remains pmbknnfltituL Why that periodic a±umia or byper- 
leminY Why that rvlmeLtoo of the nerve cells? Why that nestmiiit, that imreppon- 
dvociL 1 ^ to external j-isnioEaiJoti? Tho bypolhctica presented only help to pill off the 
solution of the problem r 

There are also other theories concerning sloop which explain it 
from a chemical standpoint. According to these, wo sleep because wo 
tiro tired and been use our nervous system is exhausted, in order to 
recuperate our energy. During sleep, our bodies are like “a clock that 
bus stopped while the weights arc raised again/' or 411 like an engine 
when the fires are out and the firemen are renewing them, 11 etc. 
These chemical theories contain a great deal of truLli, and, with 
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gih^il reason, they have been generally adopted, In reality, those 
theories are of two kinds. Just ns the engine stops, either fmm 
lark of fuel or fnuu on imiiiimhitiwi of ashes, so the orjjiiDisiii mny 
plunge into sleep either because the materials nectary fur bruin 
activity are exhaustedj or because tbo waste material, generally toxic, 
is in too great a quantity. 

Among tbo substances necessary to Lite working of the nerve cen¬ 
ters there ore two whose values arc now well known, oxygen anti chro- 
nmtophilc. The norve centers in action consume considerable quan¬ 
tities of oxygen, ami wo may therefore suppose that sleep is due to a 
lack of sufficient oxygen in the brain, anti that it collects in reserve a 
supply of gas necessary for the coming awakening. This k tile theory 
lie Id by Sommer and PUuger, relying upon tbo researches tin respi¬ 
ratory interchanges made by Pettonkofror and Voit. The other sub¬ 
stance necessary to the building up of the nervo colls, which accumu¬ 
lates during sleep, disappearing after prolonged activity, is that which 
Xissl discovered in nearly all the nerve cells and which U n am ed 
chromalopililo on account of its ability to give color easily. We might 
therefore explain sleep by the deterioration of chromatopinle. That 
explanation was made by Duddi after having noted the dkapponranca 
of ehromatoplule during u case of prolonged insomnia. 

But Lhough the nerve centers contain substances Indispensable to 
their working, they also produce during their activity certain waste 
substances, just as tbo stove ready to be lighted is full of fuel, (bon 
when it k lighted produces ashes that accumulate and diminish the 
draft, ’What k the '‘ashes’ 1 of tbo nervous system 1 H is & product 
of dk a wa i mil ation wall known fur a long lime; it ia that which leaves 
the lungs when oxygen outers, the chemical carbon dioxide, eummonly 
called carbonic-add gas. M, Raphael Dubois has considered it the 
cause of sleep. To tell the truth, he studied only the hibernal sleep 
of the marmot, and he concluded that a sleep through an entire winter 
k the same os daily deep. We may ask whether this comparison k 
justifiable. Furthermore, according to M. Dubok, sleep is not a 
recuperation; wo sleep because the carbon dioxide has accumulated 
in the Mood, hut, during deep, the gas continues to accumulate until 
it k strong enough to excite the norve centers to wako up. 

Besides the carbon dioxide, there are other less-known w astes from 
nervo action. These wastes, which have been called fatigue toxins" 
(which generate deep) and which SloliJre would certainly have named 
“dormhive virtues, 1 ’ have also been considered as causes 0 f sleep 
Oberetciner tliinks that these toxins conskt principally of lactic arid* 
Prayer ljolievce them easily oxidizable; Bing claims that they act 
chiefly in preventing oxidation; Errera and Bouchard behove them 
more or loss analogous to the leucarmdiics; Lahuson thinks that they 
arc attloinundenting narcotics. But these are merely hypotheses 
based on experiments as yaf insufficient to pmve their accuracy 
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All these chemical theories of exhaustion or of intoxication urr cw- 
toinly more important limn Lhose wo prerioiHly considered. They 
are in accord with the observation pure and simple that fatigue gen¬ 
erally induces sleep and that sleep is a recuperator. They render 
intelligible the alternating between wakefulness and sleep. They are 
also the best-known theories ami the ones generally adopted. Clapa- 
r&le, however, who has examined dies© theories, object© to them as 
insufficient, and argues against them as follows: First, there is no 
parallelism between exhaustion and sleep; one can steep without being 
tired; great fatigue may disturb sleep. Second, according to the 
chemical theories, the alternation of waking and sleeping might 
assume a type of periodicity with short phases. CJapar&de says: 

Here is an individual who goes to sleep at midnight; at 10 minutes before midnight 
he war—M. do la Police can not dupule it -still wide awake. Why was he net asleep 
at 10 minuftt before midnight? Oar physiologists ray It wiw because the toxic waste 
products hud not then become BU&cioDlly concentrated. But then why does net lht* 
wm « individual awaken at 10 minutes fir quarter past midnight linw, it sleep atoje 
the accumulation of the toxic wastes without restricting their elimination, their rela¬ 
tive proportion in the system would then return to what it was at 10 mini) ten before 
midnight; that is, to a proportion favorable to awaking. 

Third, the toxic theory of sleep is antiphysiulogical, for it is sin¬ 
gular that a process of intoxication severe enough to necessitate 
eight hours of sleep should be repeated daily without at last enuring 
serious disorders. Finally, all the facta that have come under our 
observation in regard to sleep—voluntary or involuntary drowsiness, 
voluntary wakefulness, and the like—are not explainable by a chemi¬ 
cal theory, no more than are other multiple forms of sleep, than the 
physiological phenomena that accompany it, nor the dreams. An 
observation of Vaschide and Yurpas on the Siamese twins shows well 
the weakness of the chemical theories of sleep; in fact, these twins, 
whose blood vessels communicate, often sleep or wake one after the 
other and one could Bleep while the other suffered from insomnia. 

In a general way, nil physiological theories of sleep fail to success¬ 
fully explain it, for none of them can take account of the psychological 
phenomena which accompany it. We have seen that- a person 
sleeps or stays awake voluntarily or from habit, a condition that is 
not within the province of the physiologist cither to study or to 
explain. 

Clapar&K who hus so well observed the impossibility of a physi¬ 
ological solution, alone has sought to explain it by a theory both 
psychological and physiological, which he has called the "biological” 
theory of sleep. This biological theory is most interesting and ingen¬ 
ious, It merits ft place by itself and will hold our attention for a 
lline. According to Clapnrtde, sleep is not merely a passive, negative 
condition, a cessation of the organic functions. On the contrary, it 
ia ilself a function, a positive activity, having its own biological 
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signiik-uiiw. One goes to sleep before the moment of complete 
exhaustion and in order to prevent it. Sleep is a function for the 
defense of the onanism, ant! we liave the desire to sleep before feeling 
an uTflrpon siring n eed of it, just ns wo si'C hu ngry and thins tv before 
there is an imperative necessity for eating and drinking,'just as 
tho swallow migrates before it is overcome by the cold, as a bird 
builds its nest before the time for laying its eggs. All these instinctive 
nct.^, all those instincts, begin before there is im absolute necessity, 
This conception of sleep as an active instinct preceding exhaustion 
changes the question entirely. Sleep itr no longer a categorical 
positive necessity, but it becomes a very pliable, modifiable act. 
Like all instincts, it is regulated by tho law of momentary interest. 
U e sleep if our interest in slumber is tho greatest at a given moment; 
but we could ward off deep if some other instinct should predominate. 
TliLi pliability of instinct enables us to understand tho variations of 
sk-cp, liir- various causes of drowsiness and awaking. It enables us 
lo understand dreams. The theory of Cleparado hm therefore a 
g-cat advantage over all the others, since it alone cun bo applied to 
all the varied forms of sleep. Further, it docs not exclude physio- 
logical theories, since it can accept them aa stimuli of the sleep 
instinct. Inhibition, the fatigue-producing substances, the sensa¬ 
tions of fatigue, and the like, become the causes o! the interest that 
we take, at a given moment, in going to sleep, 

Bm ( lapar&k's theory reaches beyond the sphere of pure phvsi- 
t)hjg.v into that of psychology. Mcvertlielcgs, it offers a new held of 
activity for tha physiologist, who, relieved from the anxiety of search¬ 
ing fur a complete explanation for sleep, need no longer be deterred 
by tbe inadequacy of his own theories, but may seek to complete and 
staLe precisely those pails of the biological throw of ChpurMo that 
pertaina to hia own peculiar sphere as a phyniolqgist and are not 
yet solved, Sleep is an instinct of defense, but defense against what 1 
Tftifl instinct is brought into play by various stimuli, but which of 
these are physiological * We shall not inquire further as l« why wo 
sleep, nor as to what it Is that makes us sleep, but ask what does 
Sleep protect against t What is it that gives us a desire to sleep ? 

My friend Pi^ron, lecturer at I’Eeolo dee Hautre-Etudre, hU 
asked himself three questions, and has wished veiy much that f 
would help him to answer them. For six years we have been mttkimr 
numerous experiments to try to solve lhe problem, and it is the 
actual result of our researches that I would like to ovnlnin t^ 
in concluding this lecture. P ^ to ’ Vou 

J tLa ‘^ 11 interest, and 

there is very little hope of finding a physiological cause for its Li™ 

brought into play. This explains why the physiological phenomena 
which accompany sleep are often not constant, why w e can J10 t 
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consider them as the causes of sleep, and* in fact, they appear very 
often to bo rhc consequences rather than the causes- 

But sleep is mi instinct of defense, of protection, Against what 
does it protect s Will not the suppression of sleep, insomnia, show 
ns the reason for that instinct, by exaggerating its causes; may wo 
not the better see what belongs to the domain of physiology ? We 
have been led to keep animals awake m as to study what happens 
to them under these conditions. Tim first difficulty was to prolong 
wakefulness with the least fatigue; in fact* the effects of fatigue 
might hide or disturb the very conditions that we may wish to study. 
Various experiments with severe and prolonged work, such as observa¬ 
tions of deer driven at the course* have enabled 113 to distinguish the 
effects of fatigue from those of insomnia; and we have succeeded In 
preventing some ilogs from sleeping while tiring them as Little os 
possible. 

Even under these conditions prolonged loss of sleep is always very 
serious, and after about 10 days the animals have generally reached 
Lhts limit of resist mice. During the ent ire period of t\m wakefulness 
the need of deep becomes more and more imperative, and one can 
see among the seeming physiological factors of bleep those which lend 
to increase it and effect the need of sleep and those which do not dis¬ 
turb sleep and consequently can not he considered as its causes. The 
temperature of the body remains normal, the respiration undergoes 
no variation, sand the amount of carbon dioxide in the blood does not 
increase, which enables us Lo exclude the theories of tha impoverish¬ 
ment of the blood in oxygen mid its enrichment in carbon dioxide as 
actual causes of eloep. Neither the blood nor the brain lose their 
port km of water, and this fact combats the theories that explain sleep 
by dehydration. Toward the tenth day the animal can no longer 
keep its eyes open; its paws are continually I bending, it has lost all 
sensorial activity and only the strongest kind of stimulation will 
induce reaction. At this moment the brain shows cellular disturb¬ 
ance? localized exclusively In the frontal lobe? such os could not have 
been brought on by other means, and which? therefore* sec-in to be 
characteristic of insomnia. If such all animal is left to sleep at will r 
he plunges into a deep sleep from which he awakens completely 
refreshed? normal* and the alterations in the brain have then disap* 
peated. 

Prolonged wakefulness* therefore? is thus shown to bring on an 
imperative nfeed of sleep and some cellular modifications in the frontal 
lube of the brain. To what are these phenomena duo 4 Is it to 
exhaustion or to intoxication i We are thus brought back to reex¬ 
amine some of the chemical theories for w hich we sought to find an 
experimental basis. 
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If the iieod of sleep h duo to an accumulation of toxic wasto pro¬ 
ducts in the organism, one ought to be able, by injecting these sub¬ 
stance into a normal animal, to communicato the neeesaity for sleep. 
Our first experiments in that direction were unsuccessful. By 
injecting into a vein o! a normal dog some blood or serum taken from 
a dog exhausted by loss of sleep, we tind no very definite results,, 
although In some cases we brought on some modifications of the cells 
of the frontal lobe, and by injecting these same substances directly 
into the brain wo were no more successful Could it, therefore, be 
concluded that wakefulness is not accompanied by the accumulation 
of toxic substances, and is caused only by the impoverishment of t he 
nerve cells t This conclusion was possible, but it might equally bo 
the case that the blood of the normal animal destroyed the substances 
injected in small doses, or that their quantity was boo small* To 
remove this last doubt wo made uur injactions by another method. 
There exists p in the interior and around the nerve renters 11 liquid 
called the cerebrospinal fluid, winch completely envelops them. 
Y ou can get this fluid cither at the lower end of the spine, and is there 
reached by lumbar puncture, and in spinal anesthesia, or between the 
occipital hone and the first vertebra, at the level of the fourth ven¬ 
tricle of the brain, and it is there that wo operated. To bo sure, the 
operation b a delicate one, but It can be performed with a little 
practice. By observing certain necessary precautions, such as avoids 
ing compression, one can without danger or trouble make injections 
at that level. Tim serum, or, better ye!. the cerebrospinal fluid, of mx 
Miiirud exhausted by loss of sloop, if injected under these condition^ 
into a normal animal, produces in the latter in about half an hour an 
imperative need of sleep, Tbo animal so injected is benumbed little 
by little, its eyelids blink, its limbs relax, its-eyes close, it loses all 
attention, and it responds but fcobly to strong at imulatioiL Its bruin 
presents the diaracterbtic lesions of insomnia. The injections, under 
the same conditions, of liquids from a normal animal have iu> elTect 
at all. You p tlmrddre, may conclude from these experiments that it 
is possible to transmit iho absolute need of sleep from an exhausted 
animal to a norma! one, and also that tIto liquids of exhausted animals 
have a property or contain a substance capable of producing sleep. 
If it is indeed a substance, do you ask mo what it i si I can not yet 
tail you. It is that very research which is at the present moment 
occupying our attention. 

This rapid review of the question of sluep will have ahbwn you that 
it b a most complex problem. I would wish that it would likewise 
give you the impression that, although physiology alone can not 
dream of solving the problem, it can at least offer a profitable contri¬ 
bution, aiul that its share, when it Is contented with facts is not leas 
than the contributions of other sciences that are busy with the same 
problem. 


PROFITABLE AND FRUITLESS LINES OF ENDEAVOR IX 
PirRLIO HEALTH WORK-' 


By EbWIK CL loSDANp 

Prvfimw uf fidcicriofopit, Umvcrtity qf Chkapo. 


It in iii word with the spirit of this congress to consider public 
health questions either from the jjoiut of view of llungs already 
accomplished by the application of the scientific method or from that 
of things to be done, I have chosen to speak especially of " the saving 
of waste iind increase of efficiency” si ill lo be expected when public 
health problems are approached irL a scientific spirit. 

It is well recognized to-day by many experts that while some of the 
ordinary act i vities of m un ici p til health departments a re o f urn; jues l ion- 
able value in conserving Elio health of a community, others tint* rela¬ 
tively ineffective or possibly worthless- One well-known writer 3 hm 
thus expressed hiwradf on this point; 

I boldly a^L-rt that if every esHof comlfittiU cable dJ»NW wc?ro promptly f^portw) to 
tlji> proper local board ol htultb and ^ promptly placed under ufioetivc smiUh 4 cuti- 
trtil arid 90 kept until d&n^cr of infection hod all tho other prosen t-day acrivilk-H 

of boacdn of liiidEb, whelhcr local, State, or national, with tbo exception of those 
directed lgatnat certain t*um of infant mortality and tbo jh^juLIo further i-jn.-ptinn 
uf wmio food and drug import iuii, mii^ht. be dropped with no appreciable effect upon 
the general health or fttotltklily of any of our States or umet uf our cilice 

In all fairness It. must be admitted that a part uf the energy uf 
almost every municipal health department in this country is devoted 
to combating imaginary dangers or applied to tasks that, have only a 
remote bearing on the public health. 

This condition, as a rule, is not due to ignorance on the part of 
health officials, but to the pressure of public opinion . Such pressure 
is often exerted directly through legal ordinances passed by unin¬ 
formed legislative bodies, but sometimes also through agitation by 
mistaken enthusiast or through other channel s of public opinion. 

I Fume ptmlri Lhr Camera of Trctw mOw. Math Apr. to r ISU. to wmmteifti# Cl* fiflfcda 

■imlvMlf Of Itwr gtunLLflf flf tiir ctmHiT C* Eh* UfiKMCttlunl- JiUAUllW of Tecta**?- I'lilltoj id 
ni4.ro Juok 2, I*U. n^rtntoi by juraWa 

i ij. X, Bakrr^iAln&to eammlEtw nb liKULh uM jwitt-Uafl. XatfpM ItusJetp&t l-mpar. 
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Batik of the whule situation is the fcxistonee in the public mind of 
wrong or antiquated conceptions of disease and the causes of disease. 
It was unfortunate in many respects for the causes of public health 
that much of the popular interest in health matters was evoked before 
the germ theory of disease and its corollaries became fully developed, 
As the result of premature generalization the public has warmly 
espoused a number of wrong conceptions of disease and of ways of 
proven tin g disease. To bo specific, t wo instances of t his confusion are 
found in the demand for garbage disposal and plumbing inspection. 

Sanitarians do Hot admit that, even a grossly improper method of 
garbage disposal can have much to do with the spread of disease in a 
sewered city or that diphtheria or typhoid fever, or any other disease, 
is properly attri but able to the entrance of sewer air into dwelling 
houses. So firmly embedded in public belief, however, 1-. tin- runnec- 
(ion of piles of decaying garbage with outbreaks of infections disease 
and of defective plumbing with all sorts of maladies that to the over¬ 
age citizen garbage disposal and plumbing inspection bulk large «s the 
chief if not the only activities of a municipal health department. 

In the fight of uttr present knowledge wo may well ask what arc the 
actual dangers to health from these two sources 1 ft is now well 
known to bacteriologists that disease germs do uot breed in garbage 
heaps, bat that, on the contrary, if added from outside, they speedily 
die off. The offensive odors of decomposition may be unpleasant 
ami undesirable; there is no evidence that they produce disease nr 
dliepnse to disease. On the other hand, it may be argued that the 
existence of heaps of decomposing organic matter tends to main tain 
or create genera I habits of unclean liness, which themselves are detri¬ 
mental in a roundabout way to the health of a community. And 
again it is known that the house fly may breed in garbage piles, par¬ 
ticularly if horse manure is present, and that under certain conditions 
this noxious insect may become the bearer of disease germs lo food. 
But when the worst is said it must be admitted that t be known danger 
to health from garbage piles and dumps is relatively insignificant 
compared with the danger from other well-known hut*loss popularly 
feared sources, iJisease dor^ not originate in garbage piles, however 
offensive they may be. Flic bo use fly, however disgustm g an d annoy¬ 

ing its habits, suffers from no disease trailsnussibh* to man, and does 
not convey disease unless it has access to material in which disease 
germs are presen t. The tru th is that garbage disposal hi large d ties 
is more a matter of mimicipul housekeeping than of public°health 
Proper methods of garbage collection and destruction must be urged 
rather from economic and esthetic considerations than on hygienic 
grounds. There are of course certain features in the handling of 
refuse and waste that, need hygienic control just as there arts in street 
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elenttiiig h but the problem is essentially not one of public health. At 
present in some cities the department of health is burdened with the 
task of caring fur the city waste, and its success or failure as a con¬ 
servator of the public health is too often measured by the frequency 
with which coal ashes are scattered in alleys or the length of Lime that 
decaying vegetable matter remains in tin cans in hot weather. In 
some cases the larger parr of the annua! health department appro¬ 
priation must be expended for garbage collection and disposal, leaving 
only ft pitifully small residue for other needs. To mention a single 
Instance, the collection and conservation of garbage and ashes coat the 
Minneapolis health department in 1009 about $57,000, leaving 
approximately $43*000 for all the other activities of a health depart¬ 
ment serving a city of over 30O T GGO inhabitants* 

(hie tiling should he clearly understood by municipal authorities 
and by the general public, that regular collection and cleanly hand¬ 
ling of tushes and table scraps is not one of the surest and most profit¬ 
able ways of protecting health and preventing disease. Efficient 
administration of this branch of public work should nut he allowed 
to take the place of measures that directly affect the public health. 1 

Few dangers to health have loomed larger in the public eye than 
that from sewer gas. Elaborate and amazingly expensive systems 
of plumbing arc required by law to be ms railed in every newly 
erected dwelling house in our huge American cities. Plumbing 
inspection to-day occupies a large part of the working force of many 
mmiiripul health departments, in Baltimore in 100S, to cito a 
single instance, this work w as curried out by one inspector of plumb¬ 
ing, seven assistant inspectors of plumbing, and ono drain inspector, 
at a total salary cost of §S,2oO, or about one-tenth of the total salary 
appropriation for all public-health work. And yet, if all llie most 
recent and searching investigations, such m those of Winslow and 
others are to be believed, the actual peril to health involved in the 
entrance of small quanta ties of server air into houses is so small he to 
bo practically negligible. It may ho questioned whether plumbing 
inspection, os ordinarily conducted, can bo shown to aave a single 
life or prevent a single case of disease* There is certainly no reason 
to mip|lose that tiny infectious disease is due fo germs carried in 
sew T er air- It might reasonably be maintained that slightly leaky 
gas fixtures are a much more serious menace to the health of home 
dwellers than defective plumbing. At all events, our present knowl¬ 
edge affords Email justification for the expend it i ire of public money 
to insure that the odor of peppermint floras not enter our houses 
when oil of peppermint is designedly introduced into the house 

1 wbo JhoCK4i Out to ^rpivtitfet* rlSpcaai u a tiMllh Tntamm li n ctm.l bore* 

will hfl dLo^UKd ol this Iroprvaban It be bu fsperimre with |he btgtEifilnfi of a. i_rtfsoL'! rpUkcalf ami 
k*ra* boir eTtni pubtla auction N *IlT«ttri from rl*nSflraflt lisuw Hfc* walrf milk 

and «mtua k hj appmli to liir pr*|rad40r sloxrnty wvjt *f lWftftltaK tUrfd!** toilMbold r*0»r. 




606 AHtftfAL REPORT SMITHSONIAN INSTITUTION* 1011. 

drains. ft may be worth while for thp housebuilder to satisfy him¬ 
self of the character of the plumbing, as of the el iumcter of the mort ar, 
hut compulsory inspection by public officials is hardly warranted 
on the ground of a high degree of demonstrated danger to the public 
health. It is certain, too, that the enforced lust at Jut ion of immensely 
complicated and elaborate piping and trapping systems simply adds 
to the cost, of building without any com[Kmi;uting hygienic ml van- 
tagea, Tlie plumbing ordinances of our largo cities often contain 
inooneistencics and contradictions, what is required in one city" 
being sometimes forbidden in another. A revision and simplifica¬ 
tion of municipal plumbing regulations, ti minimizing of official 
inspection, and especially an education of the public to the fact that 
diphtheria^ typhoid fever, and scarlet fever have never been definitely 
traced to sewer air or bad plumbing are reform measures that might 
release a considerable sum of public money for use in really profitable 
lines of sanitary endeavor. 

In the matter of heating and ventilation enormous sums have 
been spent and are being spent to renew the air in rooms and 
public assembly halls and to introduce pure air in what has been 
assumed to be necessary amounts. And yet if the work of Beu, 1 
Hcymaim, Paul, Erdentz, Eluggo,* Leonard HLll t and others means 
any tiling, it demonstrates that the whole effect from bad air and 
crowded rooms is duo to heat and moisture and not to carbon dioxide 
or to any poisonous excretions in expired air. When all the effects 
of crowd poison upon a group of individuals in an experimentally 
sealed chamber can be eliminated by rapidly whirling electric fans, 
it is useless any longer to look upon carbon dioxide as a measure of 
danger. If we recognise that all the discomfort from breathing air 
in a confined apace is duo to a disturbance of the thermal relations 
of tho body p the problem of ventilation becomes very different from 
what has usually been supposed. In tom pernio climates, at all 
events, it ought to be much simpler to provide for proper heat regula¬ 
tion of the body than to warm a large volume of outside air and 
Introduce it into a building continuously or at stated intervals. It 
may well be asked whether the elaborate legal regulations governing 
the supply of air and the cubic feet of bedroom space have a real 
basis in sduntfic knowledge. If overheating, moisture content , and 
stagnation of the air are the chief things to be avoided, may this 
end not be reached more effectively and less expensively than by 
present methods 1 

Oue conspicuous function at present required of or voluntarily 
exercised by health departments is tho practice of terminal disinfect 
timi after cases of infectious disease. This has come to play a large 
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part in municipal health activities and is responsible for an important 
share of the expense. In Boston, for example, in 1009 about one- 
tenth of the annual appropriation was expends I for disinfection* 
One of the moat experienced New England city health officers has 
recently seriously questioned the value of such an expenditure. 1 
After a study of the ratios of recurrences in certain diseases he con¬ 
cludes that, '"both theory ami facts, so far as any data are available, 
indicates that terminal disinfection after diphtheria and scarlet fever 
is of no appreciable value/’ This view has met with strung support 
from the experience of a number of English health officials, even if it 
can wot he regarded as conclusively proved. Every owe now knows 
that the large Hums of money spent in measures of disinfection 
directed against yellow fever gave little return in added safety. We 
can hardly take for granted that any process of combating disease 
is effectual simply because it is customary or traditional. It is 
evident that the whole question of disinfection needs to be studied 
afresh with a view to actual efficacy* It k not a subject for labora¬ 
tory experimentation alone, but must be investigated as u problem 
of practical public-health administration. 

Other instances of the application of energy and money to measures 
apparently of alight or doubtful value might be cited, but those 
already given are fairly typical- The question that should lie asked 
in every case is not whether a particular measure is entirely devoid 
of value, but whether it is the most effective way of utilizing available 
resources As matters now stand, there arc a number of unques¬ 
tionably valuable measures that can not be prosecuted with sufficient 
vigor because of the enforced diversion of funds into other and Jcss- 
profitable channels. 

Efficacious measures may sometimes be distinguished from the 
fruitless or relatively unprofitable by their direct and unmistakable 
outcome in the saving of life and the prevention of disease. A few 
illustrations may be noted* 

The importance of control and supervision of tlie sources of public 
water supply has long been recognized, but the importance of con¬ 
trolling the quality of the public milk supply, although frequently 
urged by sanitarians, k not always appreciated. At the present 
time in the great majority of American cities it is safe to say that- fur 
every ease of infectious disease due to drinking-water ten cases are 
caused by infected milk, it is difficult to secure adequate funds for 
the sanitary control of the milk supply- By sanitary control of milk 
k meant not tho upholding of u rigorous standard of butter fat and 
total solids, but the maintenance of proper standards of cleanliness 
and health for dairy cows and especially the safeguarding the milk 
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from infection, during collection and transportation. Under some 
conditions tint pro lection of tlio consumer against milk-borne infec¬ 
tion may be best brought about, by compulsory pasteurization of that 
portion of the milk supply which cun not otherwise bo raised to proper 
standard. WTmtevcr method of control be m! opted, it is certain 
that any genuine improvement in tho diameter of a milk supply 
will lie followed in Lho long run by a lessening in ihe amount of 
typhoid fever, diphtheria, scarlet fever, and to some extent tuber¬ 
culosis. The early detect inn of a single case of typhoid fever or 
scarlet fever on a dairy farm may be the means not only of preventing 
an extensive epidemic, but of avoiding the formation of scores of new 
fed which can in turn serve to light up subsequent cases for many 
years. Proper pasteurization of milk bus been followed in many 
cities, as in Glasgow, TJverpool, and London, by an immediate and 
material reduction in the amount of typhoid fever. In other words, 
tlie connection between an expenditure of public money and a direct 
return in prevention of disease can be more dearly demonstrated 
in the esse of milk-supply control than in some other of tire usual 
municipal health department activities. 

The question whether the quality of a city milk supply can be more 
favorably influenced by inspection and supervision at the source, or 
by generally enforced and controlled pasteurization is one upon 
which there is still some difference of opinion among experts. There 
is little doubt, however, that simply as a matter of economy of 
administration much Is to lie said at present in favor of centralized 
pasteurization of a largo portion of the supply. Viewed as a method 
for preventing a huge number of rases of infectious disease at. rela¬ 
tively sin ill expenditure the pasteurization of milk certainty ranks 
high among effective health measures. 

One of llie important bait etiological advances of the last few vears 
has been the discovery that a considerable number of healthy persons, 
convalescents, or others, harbor disease getins and that these persons 
are important agents in spreading disease. The detection and 
proper treatment of iLiscasc-germ carriers, particularly in the more 
serious diseases and before or in the early stages of an epidemic, is 
now recognized as an important although difficult task. The whole 
rpiration of the control or germ carriers is one Lhat needs more careful 
study with a view to determining the actual results of the methods 
adopted. From this point of view, ins]Jection of school children 
especially at the beginning of the school year, is probably to be 
classed os a highly profit able activity, although it is to be’ wished 
that fuller and better-studied statistics were available. 

Inspection of school children is highly valuable, also, in detecting 
various common congenital or acquired defects. If tiie defer ls urn 
remediable, their early discovery may avoid development into per- 
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cimnentiv crippling disorders. In other ca^ca the triplication of simple 
corrective or palliative measures may greatly increase the industrial 
efficiency of the individual. If the defects are not remediable, 
their detection will at ail events prevent the choice of unsuitable 
occupations, and will tin lie ate desirable lines of education. 

Tn rural communities, undoubtedly one id the simplest, ns wp.tl as 
most Important, health protective measures is the adoption, under 
compulsion if need bo, of a safeguarded and standardized form of 
barrel privy. 1 .1 corollary hardly necessary to mention Is (ho total 
abolition of tli© privy in all thickly settled towns, For lack nf such 
regulations soil pollution occurs, the house fly finds an opportunity 
to transfer disease germs from excreta to food, and typhoid fever and 
hookworm disease become constant plagues over wide regions, 

In the campaign against tuberculosis it is perhaps too early to 
evaluate the numerous methods that have been proposed for lessening 
or eradicating this disease, but it is already evident that some nre more 
directly repaying than others in proportion to the effort involved. 
Among the methods for which public funds are legitimately available 
none is more promising limn the provision of sanatoria for adviinced 
coses of consumption. Newaholtae and Koch have shown that the 
gen end diminution in the death rale from tuberculosis observed in 
mast countries in recent years can be more reasonably attributed to 
the establishment of sanatoria titan to any other factor, and that in 
addition to its humanitarian advantages, the segregation and proper 
control of tbs advanced and dangerously infective cases is one of the 
most useful methods that can be employed by the community to 
protect itself against the spread of tuberculous infection. 

Another Held in which practical workers are convinced that certain 
measures have ilirect efficacy in saving life k Lhat of infant mortality. 
It bos even been said that for the expenditure of a certain sum the 
saving of a life can he guaranteed. Certain it is that in few public 
bed tli activities is the ratio between effort expended and results 
obtained so clearly seen. No one doubts to-day that prompt noiiiica- 
lion of births, education of the mother through any one of a number 
of agencies, and special provision for suitable feeding of infants 
during hot weather are factors that are hound to tell powerfully in tbo 
reduction of infant mortality. It may confidently be twined that 
the degree of success achieved in this field will be limited only by the 
amount of endeavor the community is willing to put forth. 

It is impossible at present to apply direct testa of efficiency to some 
measures that undoubtedly promote health, Tho influence of 
playgrounds, public batlis, regulation of the hours of labor in extra- 
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arduous industries nod the like is real, IF it can not bo accurately 
determined or estimated, Certain activities of a health department, 
may ba worth continuing for their educational value, zdthough their 
direct utility may be questioned, Many topics need investigation 
in order to discover their real hearing upon the public health. 
Among these are ruirh matters m the effect of a smoky atmospheres, 
the alleged nervous strum due to city noise, and numerous important 
questions in the domain of food adulteration and fontaiiiiimtiuD. 
Prematura and drastic action by heal i 3 1 authorities in mat tors con¬ 
cerning which tliere is profound disagreement among experts may 
cast discredit on oilier lines of activity in which there m and can be 
no difference of opinion* 

I" or the present it seems worth while to emphasize more elxarply 
than heretofore the distinction between public health measures of 
proved value and those that owe their existence to tradition or to 
miadirocled and uninformed enthusiasm. Further study of the 
results obtained by certain of the usual and conventional health 
department activities is also much needed, and us a preliminary to 
such study the proper collection and bundling of viLal statistics is 
essential. It Is poor management and unscientific procedure to 
continue to work blindly in mailers pertaining to the public health, 
to employ measures of whose real efficiency we are ignorant, and 
even to refrain from collecting facts that might tlirmv light upon their 
clli deucy. 


FACTORY SANITATION AND EFFICIENCY.* 


By U,-£. A. Winslow . 3 


It may fairly bp maintained that in mi^t industries the largest 
element invBetod is what may called life capital. For example, 
in the cotton industry in 1905 there was invested a ropitnl of SOIV 
000,001), while the pay roll amounted to $96,090,000 a year. Capi¬ 
talized at S per cent, this pay roll would correspond to an investment 
v f $1*920,000*000 in the form of the hands anti brains of the workers* 
The calculation is perhaps a fanciful one, but. if illustrates i he fun¬ 
dament td fact that the human element in industry is uf large practi¬ 
cal importance* Particularly in rtgions like Kew England, where 
there is no wealth of natural resources, prosperity depends on a skilled 
and intelligent operative class. Such a class Massachusetts has had 
in the past and the present interest in industrial education testifies 
to tie conviction that the efficiency of the operative must he im¬ 
proved fa the highest possibly degree. 

Once the operative is trained and at work it is generally assumed 
that the results obtained will depend only on kh intrinsic qualities 
of intelligence and skill* The effect of the environment upon him is 
commonly ignored; but its practical importance is very great* Eu 
industries where it has been shown that the machine which makes a 
given fabric requires certain conditions of temperature and moisture 
for Us successful operation these conditions are maintained with 
exemplary nm\ In every factory, however, there is another type 
of machine, the living machine, winch is extraordinarily responsive 
to slight, changes in the conditions which surround it. These con¬ 
ditions, m this relation, wo habitually neglect. 

I am not dealing now with the sociological ami humanitarian aspects 
of the case* 1 am quite frankly ami coldly, for the moment ■, treating 
the operative ns a factor in production whose efficiency should be 
raised to the highest pitch, for his. own sake, for that of his employer 
amt for the welfare of the community at large. 

The intimate relation between the conditions which surround the 
t living machine and its efficiency is matter of common experience with 
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iis nil. Contrast your feelings ami your effectiveness on a dose, hot, 
muggy clay in, August and on a cool, brisk, bright October morning. 
Mirny a factory operative is kept at the August level by an August 
atmosphere all through the winter months. He works listlessly’ he 
hall accomplishes his lank, lie breaks, and wastes the property and 
the material entrusted to his care, if he works by the day the loss 
to the employer is direct,; if he works by the piece the burden of 
interest on extra machinery has just as truly to be borne At the 
close of the day ihd operative passes from an overcrowded, over¬ 
heated workroom into the <lull nigh fc air. His vi tali t y 1< *wered by the 
atmosphere in which ho has lived, he falls a pray to minor illness! cold 
and grip, and the disturbing effect of a bsences is added to inefficiency. 
Back of it all lurks tuberculosis, the great social and industrial dis¬ 
ease which lays its heavy death tax upon the whole community after 
the industry has borne its more direct, penalty of subnormal vitality 
and actual illness. 

The remedy for nil tliis is not simply ventilation in the ordinary 
sense in which we have come to understand the term. Mr. K. W. 
Gilbert, of the Massachusetts Institute of Technology, begins a sug^ 
grstivo paper on “The economics of factory ventilation,” in the Engi¬ 
neering Magazine for December last, ns follows: 


Wei.*, r's deDaidan the w„n? vnutiUiion u "io air' 1 ofio replay foul air by 
“ In actual ptaetke. however, ventilation iliould moan more tliea tliis. 
It fh'-uld moan the cvndiimnine nf Hie ah of nay indeed spare to the beat anoint 
tnpnifl i.f the DCL'iLpiiim- of (hut spare, 


( cicuJitionin^ ujf c Jac 1 idr so tbat UlG fustJmrt itiiicltinp niftTr work 
muh r tlm must favorable conditions—tins is one of the chief dements 
nf industrial efficiency, ua it h ,if individual health and happiness. 

The chief factors in air conditioning for the living machine, the 
factors which in most cases far outweigh all others put together, are 
the temperature and humidity of ihc air. In many a plant after 
upending money fur an elaborate system of ventilation, tho air has 
been kept too hot or too dry or too moist, and the effect un comfort 
and efficiency bus be™ worse than nil It is a curious instance of the 
way in Which w f neglect Lin- obvious practical things and attend lo 
remote and theoretical ones, that for year* more attention has been 
bestowed on the testing of idr for carbon dioxide, which was supposed 
to indicate some mysterious danger, than on the actual concrete effect 
<*f overheating. Yet heat, and particularly heat combined with 
excessive humidity, is the uiie condition in air that has bet-n proved 
beyond a doubt to be universally a cause of discomfort, inefficiency 
and disease. FlOgge and his pupils in Germany and' Haldane £ 
England ‘ have shown (hut when the temperature rise, to 8l)° with 
moderate humidity or much above 71)’ with high humidity depres- 
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don, headache, dizziness, and the other symptoms nssneiatod iviili 
badly ventilated rooms begin to manifest themselves. At TS n with 
saturated air Haldane found that the temperature of ilie body itself 
began to rise. The wonderful heat-regulating mechanism which 
enables us to adjust ourselves to our environment had broken down 
and an actual state of fever had set in. Overheating and excess of 
moisture is tho very worst, condition existing in the atmosphere and 
the very commonest. 

The importance of the chemical impurities in the air lias dwindled 
rapidly with the investigations of recent years. Tho common index 
of vitiation, due either to human beings or to lighting and hosting 
appliances, is carbon dioxide; but carbon dioxide in itself has nu 
harmful effects in tenfold the concentration it ever reaches in ordi¬ 
nary factory air. Nor is there any reduct inti of oxygen which 
has any physiological significance, in the Black Hole of Calcutta 
and below the buttoned-down hatches of the ship Londonderry there 
was actual suffocation due to oxygen starvation, but this can never 
occur under normal conditions of habitation. It was long believed 
that the carbon dioxide was an index of some subtle and mysterious 
“crowd poison” or ‘ morbific matter." All attempts to prove the 
existence of such poisons have incontinently failed. There are very 
perceptible odors in an ill-ventilated room, due to decomposing 
organic matter on the bodies, in the mouths, and on the clothes of the 
occupants. These odors may exert an unfavorable psychical effect 
upon the sensitively organized, but its a rule they are not noticed by 
those in tho room, but only by those who enter it from a fresher atmos¬ 
phere. Careful laboratory experiments have quite failed to demon¬ 
strate any unfavorable effects from rebreathed air if the surrounding 
temperature is kept at a proper level. In exhaustive experiments by 
Benedict and Milner (Bulletin 13b, Office of Experiment Stations, 
l\ S. Department of Agriculture), 17 different subjects were kept for 
periods varying from 2 hours to J3 days in a small chamber with a 
Capacity of IStl cubic feet in which the air was changed only slowly 
while the temperature was kept down from outside. The amount 
of carbon dioxide was usually over 35 parte (or eight to nine tune* 
the normal), and during tho day when the subject was active it was 
over 100 parts, and at one time it reached 310 parts. Yet there was 
no perceptible injurious effect. 

The. main point in air conditioning is, then, the maintenance of a 
low temperature and of a humidity not too excessive. For maxim um 
efficiency the tempera lure should never pass 70° F. r and the humidity 
should not be above 70 per cent of saturation. At tho same time a 
too low humidity should dsn be avoided. Wo have little exact infor¬ 
mation upon this point, but it hi a matter of common knowledge with 
many persons that very dry air, especially at 70°'or over, is excess ivrly 
stimulating and produces nervousness and discomfort, 1l would 
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prolmbly bo desirable to keep the* rehii ivo humidity between fit) 0 and 
70°. 

Ano t h er point which may bo emphasized in t!u> light of current 
opinion Is the importance of “perflation” or the flushing out of a room 
at intervals, with vigoroug drafts of fresh cool air. Where there are 
no air currants the hot, moist, vitiated stir front the body clings round 
us like tin “aerial blanket/' as Prof. Sedgwick calls it, and each of 
us is surrounded by a aono of concentrated discomfort. The delight¬ 
ful sensation of wmlking or riding against it wind k perhaps largely 
due to the dispersion of this foul envelope, and it b important that n 
fresh blast of air should sometimes blow over the body in order to 
produce a similar effect. Tim same process will scatter the odors 
which'have been noted as unpleasant and to some persons ]>nton- 
tiaily injurious. The principal value of the carbon-dioxide Lest 
to-day lies in tlio fact that under ordinary conditions high curiam 
dioxide indicates that there are no air currents changing the atmos¬ 
phere about the bodies of the occupants. 

There is one other problem of atmospheric pollution to which special 
reference should lie made. The presence of noxious fumes, and 
still more tho presence of tine inorganic or organic dust, in the air 
constitutes a grave menace to health in many processes anil k an 
important contributory cause of tuberculosis. The normal body 
has ils “fighting edge" and can protect itself against die tubercle 
bacillus if given a fair chance; but the lung tissue, which is luri-raicd 
by sharp particles of granite or steel <juickly succumbs to the bac¬ 
terial invader. In dusty trades, like stone cutting and cutlery 
working and emery grinding, 75 per cent of all doaths among tlm 
operatives are often duo to tuberculosis, against 25 per cent fur tho 
normal adult population. This may lie fairly interpreted as mean¬ 
ing that the actual death rate from tuberculosis in those trades k 
from two to four times as high us in a corresponding average popu¬ 
lation. In other words, three or four or five out of a thousand of 
these workers are sacrificed every year to the Conditions under winch 
they tabor. The elimination of the dual by special howls and fans 
k imperative in such industries and must be supplemented in extreme 
cases by the compulsory use of respirators. 

it k extraordinary how little in known to-d4y of the actual condi¬ 
tion of factory air, eillmr by maim fa ctur era Jr by sanitarians. So 
far as 1 am aware the Xcw York department of labor k the oiiK 
Stale department dealing with factory inspection which collects 
anil publishes exact .lata in regard to the ouahty of the atmtisnh*™ 
in the workshops. If the conditions indicated'in these rvimrL W 

" 0 *"* ** ‘•'I**'. “ J "*» i* no reason i„ d^bt 
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or 21) per cent, exceeded 7lU. lleUtivo humidity exceeded 70 
cent in 30, or IS per cent of the workrooms. In tubulating these 
analyses 1 have excluded all cases where the outdoor temperature 
was over 7G°* 
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Jn t!io report on the sanitary condition of factories and workshops, 
made by the MaasachOftetts State Board of Health in J9U7, is Urn 
following comment upon the boot anti shoo industry: 

In the majoiUy of faciuri™ viated Uj« vundistian ™ round to “ d ™ 

many <>t them dtotinrUy bad. Of the twain not c9i*ct*Uy da-nv, 10 - 
vr-nffloted end 26 ware Wflrcrawctod. la ho menu i» which liyga uro-mu* o( hurts 
aa- ('volvod, ibe number >f machines wlih meaaa fi.rcffHmi or fairly offloioiit removid 
o1 iuzi waa found to be 1,030; tho flumlwr cither inefficiently eqttfppod or devoid ot 

enulnm^nL wad 2,^C9i , T 

Oi firl dsj the iiumy dusty pooiiw rflpurted, 40 wore *d-' ownTnwilcu l J-S darlc t 
21 v.cra overheated, and 13 were owstnowded, dart, mm! overboiled. In more tiurn 
on^thirtl of the factories visited, the conditio™ oi wattr-Hwets were ml onmntemP 
shle; nn.ni nf ihuia were dark and dirty to very dirty. 

There is plenty of evidence, though of a scattered and ill-dieted 
sort that the elimination of such conditions us these brings a direct 
return in increased efficiency of production, The classic ea-c »f tins 
United States Pension Bureau h always quoted in tins connection. 
Th« removal of the offi«H of tlici deportment from scattered and 
poorly ventilated buildings to new and woil-y entile tod quarters 
induced the number of days of absent® duo to illmsss from 18,736, 
in the neighborhood of wliich figure it Imd l**n for several successive 

to 10,114* , _ . ■ it. 

In an investigation or my own of conditions in the operating room 
of the New England Telephone & Telegraph Co., M Cambridge, 
Mu® 1 found that before the installation of a ventilating sys¬ 
tem 4 3 percent of the force (50 to 60 girt*) were absent during the 
winter months of 1606 and 4.5 per cent in 1007. The ventdating 
duct which was put in vra* a simple one and cost only $75 to install, 
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hut ui i lip winter of IDOb following its introduction tho absences were 
tin down to l,D per cent of tho form employed, without any other 
clum-fo in conditions or personnel su fur us I was able to discover 

I Jie Tice president of tho Manhattan Treat Co. of New York states 
I mL by proper ventilation he has so increased lbe efficiency of his 
elf n fid force that ho has been able to reduce the number of employees 
4 per cent. J 

In the printing establishment of Mr. C. J. O’Brien, in New York, a 
ventilating system was installed because of the insistence of the 
innlo department of labor that the Jaw be complied with, the order 
having boon resisted for two yearn. After the system had been in 
use a year, the proprietor stated that had lie known in advance of 
the resultri to be obtained no order would have been necessary to 
a%o brought about the installation, Ubereas formerly the nun 
lisui iim work on busy days in an exhausted condition and sickness 
' Vfta now the men left work on all days in an entirely differ¬ 

ent condition, and sickness had been very much reduced. The errors 
of typesetting and lime required for making corrections were greatly 
reduced. 


It is much to be desired that this problem should be studied by 
careful quantitative methods as a definite factor in the profit and loi 
account, The National Electric Lamp Association m approaching 
the qitatbon of sanitary conditions in this manner, comparing in 
detail the temperature and humidity or its workrooms with the 
hours of work, the pay and the efficiency of its employees. Only 
by r ueb systematic study can it be determined liuw‘ much factory 
“ nit,lf Ui|J * reflll -V ™rth in any given case. The evidence is already 
strong enough, however, to warrant some investigation. In 
whom prebmmaty study shows its value, why should not the sani- 
f' u, - v 111 wf a factory be made a part of its routine operation 
piM, as supervision of its mechanical features is a pan of iu organ*, 
zation tmlai- ? It is not solely or chiefly the problems of ventflation 
as ordinarily umleisfcood that should be studied; and it must be 
remembered that there is never anything magical in a “ventilating 
.y.rem. Systems are as dangerous in sanitation as quackery in 
nuatienu.. The problem must be approached from a bread biological 
viewpoint, and should mdudo all the condition, which mako for 
lowered vitality. Temperature and humidity some firet and foremost 
and dust and future must bo guarded against in certain procure 
The clean]mess of the factory, the purity of drinking water 
ity of lighting, the unitary provision, and a WXTiXjSS 
suggest thomsdvre to the skilled investigator when on the ground 
Ho may find m mtrny of these directions economic methods by *X 
efficiency can be promoted. * v 

The consulting factory somtarian will be a new factor in industry 
bur the iirej^ress of industrial economy n E d n t - ir J l 

in pointing to the need for such a7«^rt ^ 


THE PHTBIOL0GIC4L ESPLUENCE OF OZOXEJ 


By Leohamp ITiijl, F.K-Eti and Marti w Fucft 


(Fft-m ih* MkhhUkt uf thtf l^Eua iluajiiUJ AlHkaJ 

Ozone has been extolled ns line active health-giving agent in moun¬ 
tain and sen air, its virtues have bean vaunted a* a therapeutic agent, 
until these Lave, by mere reiteration, become part and parcel of com¬ 
mon belief; and yet exact physiological evidence in favor of its good 
effects has been hitherto almost entirely wanting. Ozone hm been 
found occasionally in traces in the atmosphere, it lias been proved to 
have active oxidizing properties, and nn these facts the superstructure 
of ita therapy has been reared. 

Popular attention has been fixed on the mystcrioos and the 
unknown, and has neglected the prepotent power of cob! wind ant! 
sunlight to influence the nervous health and metabolism of man. 
The only thoroughly well-ascertained knowledge concerning the 
physiological effect of ozone an far attained is that it causes irritation 
anil flPLlcma of the lung*, and death if inhaled in relatively strong 
concentration for any time, e. g v 0.05 per cent, death in two hours 
(Schwarsenb&ch); l per cent in one hour (BnrlmO. 

A. Loewy and X, Zuntz 3 write that L the physbilogind foundations 
of an ozone-therapy can scarcely be discussed, so little is the extent 
of our exact knowledge on this subject.” The old idea that ozone 
passing into the blood acts as an oxidizing agent there, thus destroy¬ 
ing organized and unorganized poisons, was exploded by Ffluger 3 who 
pointed out that ozone is immediately destroyed on contact with 
blood; even if it were not, there is no reason why it should oxidize 
toxins niilier than normal constituents of the blood. 

C, Biriz * observed that Si animeds submitted to ozone became quiet 
and appeared to sleep.” W, Sigmund s also noted this effect in white 
mice, gold fish* and insects. He considered that ozone is not a very 
dangerous substance, for even small animals could bear for n time a 
relative} 3 ' large amount without serious effect; warm-blooded animals 
were the more sensitive. 
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Filipow 1 found weak concenlruLions had no eject on men or ani- 
majs f while a higher concon(ration of ozone caused irritation of the 
respiratory tract. 

Schultz 3 coxifirtned this irritative effect, ami found long-continued 
breathing of ozone canned pathological changes, particularly in the 
lungs, which were the cause of death. Schultz considered that the 
ozone passed into the blood and injure I the lung secondarily. Bohr 
and Mnar 3 overthrew tlda supposition by the ingenious experiment 
they devised of making one lung breathe ozonized air and the other 
normal air. They found this lung remained norma! while the 
ozonized lung became oedema tons. 

I uing a concentration of ozone which produced no visible change in 
the pulmonary structure, these oWrvon found that it caused a 
diminished uptake of oxygon; the other lung compensated for the 
deficiency by an increased uptake. This occurred In both cold¬ 
blooded (tortoise) and warm-blooded unbinds. In the former the 
initial effect of ozone was occasionally a slightly increased oxygen 
uptake. Tf tho inhalation of ozone were continuous the increased 
uptake by the lung ventilated with normal air finally fell away and 
became deficient; this occurred sooner in the mammal than in the 
tortoise. 

The C0 3 output was also diminished, but not so markedly as the 
oxygen uptake, thus the respiratory quotients often rose over I. The 
effect of ozone on the respiratory exchange camo on gradually, and 
with weak concentrations often reached its height after the cessation 
of the ozone inhalation—there w as, in fact, an after-effect w hich took 
some little time to pass off. The effect was not modified by a pre¬ 
liminary division of the vagi and pulmonary sympathetic nerves. 

The blood of the ozonized animal had no toxic effect when trans¬ 
fused into another. Bohr concluded that the effect was primarily 
on Llio hmgs, anil m the oxygen uptake was affected more than the 
C0 3 output, he claimed that lbs results supported Ills view that the 
pulmonary epithelium by its secretory activity controlled the passage 
of the respiratory gases, Butte and Peyron 1 likewise record that 
ozone when inhaled diminishes tho metabolism. 

One of the obstacles in the w ay of investigation has been the diffi¬ 
culty of obtaining pure ozone free from oxides of nitrogen, and 
another has been the want of an accurate method of estimating the 
concentration of ozone. There has been devised lately an ingenious 
Apparatus for producing ozone, which eliminates the production of the 
oxides of nitrogen, and allows the ready use of ozone for bleaching 
sterilizing water or ventilating purpose. Tlie ozone is generated bv 
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tlio electrical discharge of high-potential currents ncroas sheets of 
fino gauze set parallel and insulated from each oilier. Tho gauze net 
insures the equality of the discharge over tho whole surface, and pre¬ 
vents lit fit excessive liigli-ten&ion discharge al certain rough points, 
which occurring in the older form of instruments fitted with smooth 
metal plates, causes the production of oxides of nitrogen from the 
burning of atmospheric nitrogen. 1 Our object therefore bus been to 
determine the effects of undoubtedly pure ozone, especially in con¬ 
cent rations far less than those used by previous observers. 

Me thod of ettimation of concentration of ozone .—The air containing 
ozone is sucked by an aspirator or filter pump through a 1 per cent 
sulutiuii of potassium iodide, acidified with a small quantity of 111 
per cent sulphuric acid contained in a Drochsel wash bottle. It is 
esseiitiai that contact with rubber be avoided. After 10 liters of air 
have been passed through the wash bottle, the acidified KI is removed 
and freshly prepared pure starch emulsion added. A blue color indi¬ 
cates tho presence of ozone. The amount is estimated by titration 
with sodium hyposulphite solution until this blue color is discharged. 
Tho hyposulphite solution U prepared by dissolving 22.2 grams in 
in 1 liter of distilled water, so that 1 c. c. of the solution is equivalent 
t« 100 parts per milli on of ozone in the dr collected as a 10-liter 
sample. For small quantities of ozone the solution may be diluted 
10 or 100 times, giving 1 o, c. of the solution, equal, respectively, to 
ten parts anti one part per million of ozone in the air collected. 

L, thtil dose of ozone —To determine tins tlio animals were placed hi 
a large air-light chamber. The ozonized air was then driven through 
bv means of a gas engine driving an air pump. Mid tho concentration 
of ozone determined in the issuing air. The animals could be observed 
through the glass windows of the chamber, which could also, if neces¬ 
sary, he Ugh toil by electric light. Our experiments show that ani¬ 
mals nui%' die after lieing submitted to 15 to 20 parts per millioii fur 
two hours. We do not doubt that a lower concentration would have 
& fatal effect if breathed fur a much longer period. 

Hie cause of death is acute inflammation of the respirator;’ tract. 
The lungs become intensely congested and ceiloniatous. Microscopic- 
ally tho pulmonary alveoli appear full of an inflammatory exudation. 
Many of the alveoli art* full of blood, for so intense is Lho irritant effect 
that hemorrhages lake place. r l here are no other signs of the effect 
of owmo in tho body. On inhaling ozonized air ourselves ami expir¬ 
ing through the iodine test solution we find no evidence of ozone in 
the exhaled air. It is all token up by the wet mucous surface uf the 
respiratory tract anti exert* its effect there. _ 

Tsu zawirl L, Joseph, ito tat of Ita - OspnUr » -»■ (owl to (tie w tluiu* 

cl a cemp ktr liataliaiion mil pa« bii IntamOleW a our tlktunl. 
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On breathing two to three jimis per milliu'n, we ourselves find it 
irritating to the respiratory tract, with a tendency to produce, in tins 
concentration, headache nud oppression. The irritation set up by 
together with its strong dinrncteristio smell, affords- ample 
warning, mid would, prevent anyone exposing himself unintentionally 
to a dangerous concentration. The irritation set up would mtUirullv’ 
make anyone remove himself from the influence of the ozone before 
any serious damage to the lungs had boon set up. As far as we can 
sets, then, ru) serious risk can arise from (he use of ozone generators 
*u Jong as the generators art; not placed hi a confined space from winch, 
escape is impossible. 

It is only possible to estimate concentrations of much less than one 
part of ozone per .million parts of air by passing very large quantities 
of r.lic ozonized air dirougli thu acidified potassium iodide solution. 
We find concentrations of far less than one in a million parts can be 
both smelled and tasted; die physiological test fur ozone therefore is 
extraordinarily delicate. Jf ozone is used in u ventilating system 
we think it should bo in such concentration jls k searrely perceptible 
to a keen sense of smell. 

Ozone has most potent action as a deodorizer. Wo tested ting bv 
filling our experimental chamber with (ho smoke of shag tobacco 
ammonium sulphide, or carbon bisulphide vapor. At other times 
we placed in the chamber stinking meat, or human We*. After 
putting in action i he two amah ozonize rs, p laced in the roof of the 
chamber, for two minutes, we were not able to detect tlm odure of 
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those substances. The smell of the ozone masked all other .smells. 
The masking of these smalls gives no proof of the destruction of the 
evil-smelling emanations., for Zwaanlemaker has shown that two 
smells can neutralize each other—g., ammonia introduced up one 
nostril am! acetic acid up the other. 

Erland&cn and L. Schwarz* concluded, from a series of careful 
observations on the effect of ozone on ammonia and hydrogen sul¬ 
phide trim fj thy lamina, bu lyric t and valerianic acids, indul and slmtoL 
that the smelts are only masked and not destroyed by the presence 
of ozone. The odoriferous substance and own* were introduced into 
the chamber together- After a period the ozone disappeared from 
the chamber, and the smell was found to have returned. The smell 
of tobacco, in particular, was muskod and not destroyed* 

From up hygienic standpoint the ozone may be useful as a deodorizer, 
since, from thu point of view of its effect on the nervous system, it 
does not matter whether tho evil smell is masked or destroyed. The 
question is, which is preferable, the evil smell or (he smell of ozone. 
Certain smells ara objectionable, and become mom so if persistent 
and uniform. In cold-moat or dry-goods stores, tube railways, etc,, 
ozone may have its use as n deodorizer ami freshener of the aLmru- 
pherc, relieving tho a tale and tedious quality of the air. 

In 11 room fitted with a gas radiator [ivithout Quo) we have found, 
by a series of daily objarvaLioria, that ozone relieves the disagreeable 
quality of tho air- It seem* to give a certain tang to the air, and, by 
stimulating nerve endings in the respiratory tract, relieves the monot¬ 
ony of overworn and close air. We were informed by an engineer 
employed in a large public office that lie added Sanitas to tho water 
used for spraying and cooling the air which was pumped into the 
building on a Plenum system* In the late afternoon the cleric often 
telephoned down to him and asked for "more Sanitaa”—anything 
to change the fnonotony of air always warmed to 65° F. 

Lender the conditions of natural life we arc 11 blown upon by every 
wind, and wet with every shower*" The cutaneous some organs are 
submitted to ceaseless flux of physical and chemical conditions, more 
or less blood and tissue lymph, higher or lower temperature, etc. The 
heating and ventilating engineer has aimed at giving us in our build¬ 
ings a uniform summer temperature unchanged by wind or calm* 
warm sunshine, or cold shadow of the clouds. In the House of CYuu- 
motis tho air is drawn in from over the Thames, cooled and wet tel by 
a water spray, and carried in at tha rate of 40,000 to S0,0QU foot u 
minute—a fine bracing current - Before it reaches the House it is 
wanned by passing o ver steam radiators, mi sod, and passed in a 
uniform draftles* stream at (KT through the gauze-covered floor 


* Krl|U L llj^IrDeu. 3 , - bLO i TttL Ev P p- 
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of the House. When the division bnli rings, tho current is switched 
from the House on lo (he division lobbies. Hour after hour the same 
uniformity h maintained, which leads the open-air man to complain 
that it is too hot, und the old East Indian to revile tho cold. The 
fault lies in the uniformity. When the House is cleared for division* 
it should be swept, in our opinion, with b current of cool air straight 
from the water sprays. 

In such conditions of uniformity an ozonize?; just as a cigarette, 
may raUeva the tedium of the nervous system. Ozonized air may 
help under the depressing conditions which obtain in many shops and 
far:tones by varying the stimulation of the nervous system. 

It has been claimed that traces of ozone in the atmosphere, by its 
Midiring proper tics, destroy dust, bacteria, noxious gases, and render 
the air pure. There is no doubt that ozone in the presence of ivater 
and in strong concentration is a powerful oxidizing agent. It is 
actually used for theaLeriikarion of the water supply of certain towns. 
The ozonized air is thoroughly mixed with the water ami brought into 
intimate contact with the bacteria. On dry bacteria concentrated 
ozone has no action (Qhlmijller l )« In weak concentrations, such 
as can be inhaled safely, wo found ozone had no sterilizing effect w hen 
bubbled through m nis t cu 1 turre of Bacillus cvli com mun is, The ozon o 
only acts on the surface, and in weak concentrations can not. he ex¬ 
ported to pass through relatively thick layers of wet material, 

Erlandson and Schwarz rightly point out that there is no j aerifica¬ 
tion for the assertion made by Lhbbert that* 4 organic dust, Ilham oil¬ 
ing particles, and agents of infection cm not exist in this presence of 
ozone, and that a demonstrable excess of ozone indicates absolute 
purity of the air/ 1 

Owing to iU powerful bactericidal action when passed through 
water in high conceutrillions, it might bo thought that inhalatioii 
of ozone w'ould be of value in tile treatment of infections of the re¬ 
spiratory tract, and such inhalations have been used, e* g M for pulmo¬ 
nary tuborouiosis. 

Against the use of alt such bactericidal agents in iho treatment of 
pulmonary disease is the fact that the bacilli are growing in the sub- 
stance of the wet tissues, and therefore to kill the bjLcilli a concen¬ 
tration must be used which would also kill the tissues. 

One of the most potent methods of treatment h tu draw' blood 
in increased volume to the infected part, by fomentations, blisters, 
etc., the blood itself having bactericidal and immunizing probities, 
Wc suggest that inhalation of weak concentrations of ozone, bv 
mildly irritating tho respiratory tract, may bring more blood to the 
part and thus have the curative effect of a fomentation or blister. 

< ArtidkEI *. ± I villa, CwiadlirfctftLIllErf^ Y*il s d p, Z3J r 








FJn r £lOLOaiCAL INFLUENCE OF OZONE—RILL AM> FLisJK. 623 


Fat lifts ft power u! absorbing ozone until it s molls strongly of 
ozone, and it retains the ozone for a long time. Mr, F. Kidd kind!}' 
tried for us the application of ozonized larxl or vaseline to foul chronic 
ulcers of the leg, but found that while hot fomentations were eflica- 
cions in rleaning tip and rendering sweet control cases of ulcer, tho 
ozonized ointment lmd little effect. 

For the investigation of tho respiratory metabolism we used the 
Iloidane-Pfimbrey gravimetric method- Mice or small rats were 
placed in a beaker fitted with a thermornetcr and tho beaker placed 
in n Hoarsen air hath to keep the external temperature constant. 
In a first series of experiments the ozone was generated by a specially 
made small o&onbcer* and led partly through the animal chamber 
and partly through a collecting wadi bottle* in order that its co&* 
centraiiou might he determined, * 

The water vapor given off by the animal varied so much with the 
passing of urine and feces* and possibly with tho animal putting up 
its fur, as it does when depress**! by the ozone* that wo can Uy no 
weight on the calculation of oxygen intake. The weakness of the 
gravimetric method lies in the fact that tho oxygen is calculated 
from the difference between loss of body weight and output of water 
and CO Sr and not directly measured, 

Wfi shall confine our considerations in those experiments to the 
loss of body weight, and the 00* output. Table 11 shows the loss 
of weight sustained by the animal, the amounts of ITjO and CO, 
given off before, during, and after ozone. It is seen that there is u 
marked depression during and after the administration of ozone. 
The table gives a random selection made from 25 similar experiments. 
The figures for the loss of weight represent the loss of weight of 
the animals weighed in the respiration chamber, * Evaporation of 
urine and fece^ when passed contribute to thb loss. As the loss of 
body weight is also influenced by the passing and evaporation of 
the urine and water from tho feces* the CQ a output results are the 
more trustworthy 

As the concentration of ozone given by the small generator seemed 
to be too high, wo obtained the ozone in the following experiments 
by generating it in a room, the OEonber being placed at distances 
varying from 100 to 350 cm, from the inlet of the rentBation current 
which was drawn through the animal chamber. Table III give* the 
lo^sof weight and amount of CO a given of! in miUigrflmiiie& in the 
lost eight experiments made under these condiiifins* f he reading for 
the oxygen i\$ before being variable, lu r iJJ r Ifi similar experiments 
were made on small rats. 
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til ail tin's? experiments the animals were given u preliminary 
Imif-hour or so on air, in which to settle down anti adjust themselves 
to tlieir new surroundings. Judging by the C0 a given off in some 
cases, the ozone up [wars to have perhaps a transitory stimulating 
effect, followed by a corresponding depressant effect,; in otliera there 
in but little evidence of any net Ian of the ozone at all at concentra¬ 
tions Stic i i ns these. The ozone itself was always in concent rat ions 
far leas than one part per million, arid varied from day to day accord¬ 
ing to the atmospheric conditions prevailing, "Wo should atato that 
several of our figures obtained during and after ozone show a R Q, 
above I, continuing the observations of Bohr as to tho diminished 
uptake of oxygen. 

Turning to tJia investigation of the respiratory metabolism of man 
under the influence of ozone, we selected the method devised rvcontlv 
by Dr. Gordon Dougins, 1 of Oxford, owing to its simplicity anil 
efficiency. 


iC.«. OoukIm, Jsum. llij w,. ioii, t®|. is; J roftr-JInt.,p, * T lt 











































Vl\ VHiOLfXaiC'jlI- INFLUENCE Or OZONE—HILL AND FLACK. 625 
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Tin’ subject wils provided with a mouthpiece, fitted with inspiratory 
and expiratory valves. (We used the excellent mica valves made by 
Messrs. Siebe, Gorman, & Co. r and used in their mine rescue appa¬ 
ratus.) Whilo inspiring atmospheric air, the subject expired into a 
large canvas-rubber bag of suitable const ruction, and previously 
emptied of air. After a period of 10 minutes a fresh bag was sub¬ 
stituted, and the volume of expired air m the first bag was measured 
by pressing the contents of the bag through the meter, and a sample 
of the expired air was collected and analyzed- Suocossive samples 
were thus taken, some when the air was ozonised and some when it 
was not. The composition of the atmospheric air being known, the 
requisite data were calculated from the measurements of the meter 
and the analysis of the samples, nU results being reduced to 0° C. and 
760 mm. 

In all we have made 19 experiments, end append the details of 
the last 7. In the preliminary trials of the method we found con- 
side rable variations in the metabolism in successive periods of time. 
These were duo to want of complete rest on the part of the subject, 
(See Table IV.) 

Our last series of experiments were carried out with the subject 
recumbent on a couch and prepared for the test by a preliminary 
period of rest. Even then, the opening and shutting of the windows 
33734*—in 190--10 
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(to vary the condition of ozoniz&ltou of the idr) must have somewhat 
influenced our remits by filtering: the cooling effect of the air on the 
lujtly. These tests were carried out in warm summer weather, ami 
in the final experiment the windows were kept shut alt the time and 
the room ventilated by opening the doors leading into other and 
larger laboratories. In this experiment we obtained results which 
we regard ns the most conclusive of all. 

The metabolism varies with the degree of complete rest of the 

subject. If he moves slightly more or leas—e. g. t in rending, talking_ 

tills will affect the result, and thus we can not expect figures mows 
concordant Ilian those we have obtained. Looking at the figure in 
columns 4 and 0, we can not find any conclusive evidence that ozone 
altered tin; respiratory metabolism. Note particularly the final 
experiment (So. 7), in which the windows were shut and the con¬ 
ditions. even nil through. 

The ozone was given in a concentration that made the air smell 
quite strongly, and in some cases it was pushed even to an unpleasant 
degree. Taking these figures together with those obtained on mice, 
w« must conclude that we hare failed to obtain certain evidence that 
inhalation of ozone in weak concentration stimulates the respiratory 
metabolism, i. e., the output of 00 # and nap of O a . On the other 
hand, our experiments conclusively show that any considerable con¬ 
centration of ozone depresses the respiratory metabolism. 

W« tliink that the beneficial results obtained by the use of pure 
ozone in ventilation must be reached by the effect of pzone on the 
nervous system—by its stimulating the mucous membrane, neutraliz¬ 
ing smells, and relieving the depressing uniformity of close air. Our 
experiments show that no harm results to man from breathing air 
ozonized till the air smells quite strongly of ozone, for periods of 
half to one hour. 

Perhaps the most interesting observation made in the research is 
this: When the respiratory tract is irritated by ozone the animal 
becomes motionless, sits hunched up with its fur erect, thus showing 
the signs of depression. The ozone lessens the respiratory exchange, 
reduces it even to one-seventh, at a time when the lung shows no 
changes visible to the naked eye; tho animal adjusts its behavior to 
Ihk condition, and keeps very still and quiet. Its body temperature 
at the same time falls. The damage to the lung can not be serious, 
since this depressant effect La quite evanescent. 
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In pneumonia we see the same tiling; the patient is forced by the 
feeling of illness to keep quiet in bed* How this adjustment is 
brought about is a subject for further research. It will be *>f especial 
interest to see the effect of ozone on (.he oxygen partial pressure of the 
blood, We would draw attention-to the fact that high pressures of 
oxygen produce inflammation of the lung (Lorram Smith, L. Hill, 
and J. J- B, Macleod) similar to that produced by ozone, Tfc is this 
resemblance which in part led us to make this research. 

CONCLUSIONS, 

(1) Ozone is a powerful deodorizer. It masks rather than destroys 
smells* Its practical value in relieving the nervous system from the 
depressant influence of an unpleasant odor is none the less for this. 

(2) A concentration as little ay 1 per million is irritating to the 
respiratory tract. Exposure for two hours to a concentration of 15 
to 20 per million is not without risk to life. The irritative effect and 
the discomfort produced thereby—cough* headache—give ample 
warning, and then' i< no risk from inhaling ozone so long as an outlet 
for the instinctive escape from its influence h open. It is necessary 
that systems of ventilation in which ozone is used should bo dealt 
with by those experienced In the matter, so that concentrations may 
be supplied which will not irritate tlie respiratory tract. 

(3) The rospiraEory metabolism is reduced by ozone, iu concen¬ 
trations even less than 1 part per million. There is no conclusive 
evidence of a preliminary stimulation of metabolism preceding the 
fall 

(4) Tiie beneficial effect of ozone obtained by the ozone ventilating 
systems is to explained by its effect on the nervous system* By 
exciting the olfactory nerves and those of the respiratory tract and 
skin, It may relieve the monotony of close air, the smell of tube 
railways, in cold meat stores, hide stores, and other trades. 

(5) There is no harm in breathing weak concentrations of ozone, 
such as can be scarcely sensed by a keen sense of smell. 

(6) Ozone in somewhat higher concentrations (I per million) 
may have some value as a therapeutic agent If inhaled for brief 
periods; by irritating the respiratory tract it may act as- a blister or 
fomentation and bring more blood and tissue lymph to the part. 
The blood and tissue lymph contain the immunizing and curative 
properties. It seems to us a simple anti convenient way of applying 
a “blkter ,r to the respiratory tract. 

This research has been carried out with the aid of a grant from the 
London Hospital research fund, 

[Note addrd November $l t 191L —We have found that exposure for 
IP minutes to 2 parts in 10 millions of ozone may lower the rectal 
temporal sire of rats ns much as while control rats maintained 
their normal temperature ol 38.5® C-l 


TRAVELING AT HIGH SPEEDS ON THE SURFACE OF THE 
EAETH AND ABOVE IT. 1 


By Prst H, S f LL. F. K. S. p M. Trot. €,. E., M. R. L 


The* Spirit of tho time dial I leadi moBp<pcHl.— JCrnj /oAa. 

There are few things so important to man from a material point of 
view as tho power of locomotion; seeing, therefore, that in this 
respect ho is far less well endowed by nature than many, if not most, 
Hying creatures, it is no wonder that he lias striven from the earliest 
times to overcome hia inferiority by moans of modianical devices. 
The marvelous results of these unceasing attempts which to-day we 
enjoy, or, as some people would prefer to say, "take advantage pt” 
are accepted by most of us as a, mere matter of course* and we are 
further apt to naaume that the progress which hew been 30 marked 
during the hist century, and particularly in recent years, will con¬ 
tinue indefinitely. Now, quite apart from mere locomotion, the 
question of speed is one of great scientific interest, and, more than 
this, it is the real test of the power of locomotion. This is not a 
more accident, but has its root in something far deeper. The desire 
for speed is a quality inherent in man, and is doubtless a primordial 
instinct, the reason for which we sec in all other animals, being 
derived from prehistoric uges* Speed was from the first a necessity 
of Ufe to enable the weak to escape from the strong and to enable 
the strong to prey upon the weak, and mm depended, just as much 
as the animals did, for their very existence on fleetness and speed of 
motion. 

From what few and somewhat uncertain records we have of the 
achievements of man in running in the ancient sports, it does net 
seem there is very much difference between his powers then and in 
modem times. As to modem times, wo find that for the short 
distance of 100 yards, and for the longer distance of a mile, the 
records of 25 years ago still stand, ^withstanding the strenuous 
efforts made to improve upon them on many scores of occasions each 
subsequent year* Thus wc have for the former the record of E. 
Donovan in ISSfi, 21.3 miles an hour, and in the same year thq record 
of W. G. George for the mile, 14.2 miles an hour, wliieh have never 
been beaten; while fnr one distance, that of 200 yards, the record nf 

*L*etUIW bebsv the Icli!lttlMflQ,-Gr Ofrai SfltiSa, Friday. Ml#-. 1I T I£Hl r 
■With py.ithArf 'j addJlVmi, Lrom p’|waie of I'roi^viitnci oj loFtiioitaL. 
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Seward in tS47, or t»4 years ago, still stands. In fact, a study of all 
the records of 25 distances shows that several of them remain un¬ 
broken after comparatively long periods, viz, from a quarter to half 
a century. 

Thus, so far as liLs own unaided powers of locomotion are con¬ 
cerned. man may be considered, for all practical purposes, to have 
reached long ago the limit of speed possibility From earliest times, 
however, he has brought the muscular effort of other animals into 
his service, and lias devoted his intellect toward improving their 
speed for his own uses. You will aee graphically recorded in figure 1 
the speeds of all the Derby winners from tlie year LS5G —i.e., for more 
than half a century. The average speed, which may he taken as 
somewhere above 30 miles an hour, haw doubtless slightly increased, 



but it will be seen from the dotted lino which has been drawn at the 
top of the maximum speeds what comparatively little increase has 
been obtained for an expenditure of the many noth o r^ represented 
directly and indirectly in tho training and breeding of these horses, 
and it may be reasonably assumed that here again the limit has been 
reached for the fleetest animal, bv the aid of which man can increase 
Ills speed of locomotion by using muscular power other than his own. 

What, then, are the physical reasons for this limitation Y It is 
not due to tho chief cause, which we shall see later puts a practical 
limit to very high speeds in mechanical locomotion, namely, tho 
resistance of the atmosphere. Neither is it due to tho effective work 
done in movement,since with a body moving along a level plain—i e 
at a constant distance from the earth’s center—dlls effective work La 
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nil* To understand the mutter we must study the nature of animal 
locomotion. The surface of the earth is rough, sliding along it being 
obviously out of the question; nature has made provision for animal 
movement as follows: One part of the body first rests on the ground, 
another part supported by this b advanced^ being raised clear of the 
grounds to rest in turn upon the ground and serve in turn as a support , 
so that the part behind may be raised and advanced to a fresh posi¬ 
tion. In man and other animals the feet form the points of support 
for this process; but the same method of locomotion is employed by 
creatures without feet, which have to crawl or glide p such as snakes 
or worms. 

This process, whether with nnbimta or reptiles* as you will Gee, 
involves in the raising of the body an expenditure of work which is 
not recovered, and further an expenditure of work in stopping and 
starting some portion of the body in its movements. My assistant 
now walks in front of the blackboard holding a piece of chalk level 
wish lib head, and you will see the rising and falling motion* I have 
prepared a wooden model to represent the action of his legs, and you 
will see that these legs, being equal to hu in length, produce almost 
exactly the same curve underneath, so that you have a complete 
explanation of thus movement, viss r the rotation of the hip about the 
ankle m3 a pivot. Thera k a third case of loss, namely, the energy 
involved m swinging the log^. About 30 years ago tile distinguished 
French professor, Marey, actually investigated the loss involved from 
each of these three causes t and I have on the wall a diagram in which 
yuu will see ail three given graphically. The number of steps per 
minute, you wiU notice, increases until a pace is reached when it 
becomes painful to walk faster, and you will also notice from the 
diagram that at about 00 steps per minute the gait changes to a run— 
that is to say, a springing action takes place, the hind foot leaving 
the ground before the front is put down upon it. 

I have another diagram showing how the length or stride at first 
increases with the pace, and afterwards begins to full off before the 
walking breaks into a run. The reason why a man or an animal 
changes his pace at this point is obvious, and it h because a faster 
speed is possible with a less effort. As the speed of running is 
increased the total effort becomes greater, but the three elements 
shown on the diagram arc differently divided; the rise and fall ele¬ 
ment is less, but the work done in swinging the legs is mere, w hile the 
chief element, in the muscular effort expended, is the loss of energy 
involved in stopping and starting as each spring reaches a maximum. 
Time does not permit me to pursue this interesting sub|ect further 
except to point out that exactly similar causes operate in the natural 
locomotion of other animals which move on legs. 
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Wc therefore now know tlmt the limit of speed is controlled by two 
factors: 

(1) Physical endurance, owing to the expenditure of work occur¬ 
ring at an increasing rate as (he speed k increased. 

(2) The physical impossibility of giving a reciprocating movement 
to the legs quicker than a certain limited period of time, 

l have prepared a chart (Jig. 2) which shows tho maximum recorded 
velocities of man's progression in walking and running. The speeds 
arc set up as vertical ordinates, and the abscisstc represent the dis¬ 
tances over which the respective speeds were maintained. It will bo 
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set'll that the maximum speed of walking is about 0 miles un hour 
for a short distance, hut when the long distance of 100 miles is covered 
the quickest rate recorded falls to 6J miles an hour. For running, 
the quickest speed which I have mentioned, viz, 2]J miles an hoar 
for 100 yank, falls to 7} miles an hour as the average speed for a dis¬ 
tance of 100 miles. 

We do not know the speed of the original historical run from Mara¬ 
thon to Athens, but wo do know that Dorandoran the modem Marathon 
from Windsor ('astie to the stadium at Shepherd's Bush, a distance of 
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26 miles 385 yards in (to be exact) 2 hours 55 minutes 18| seconds, or 
at the rate of 9 miles per hour, which, you see, fits very well on our 
curve p 

We may notice in passing that in walking fast and starling to inn 
the arms swing in time with the opposite leg, as in the modem picture 
on the diagram exhibited. In the picture, however, copied on the 
same diagram from an ancient Greek vase, although the attitude of 
the kgs is the same, it might appear at first sight os if the arms were 
swinging in the contrary way. As a matter of fact, a closer examination 
shows that in all the figures on the vase the arms are in the same posi¬ 
tion, although the legs are in different phases. This seems to indicate 
that the arms of a Greek runner were held m a fixed position, as shown, 
and from the position of the hands, with the evident intention of cut¬ 
ting the wind* If this is true, it indicates that even then it was dearly 
recognized that if there was any effect of the wind it was just ns 
important behind as in front, a matter I shall have to allude to 
hereafter. 

What man can do by hk muscular effort in the water is shown by 
the smalt curve in the corner. The greatest dist ance shown (fig. 2) is 
about 21 miles by C'upL Webb at abotiL 1 mild per hour, although fur 
a short distance it will be seen that a man cun swim at about 4 miles 
per hour. I do not put in flying, because man has not yet flown by 
his own muscular effort, and flying men to-day are using engines of 
from 20 to 1 GO horsepower, h c., from 200 to 1 ? QOO man power* Gliding 
perse is no more than falling through the air (mure or less) gradually, 
as in a parachute. 

Before proceeding to see what man has done to increase his powers 
of purely muscular locomotion hy means of mechanical devices we will 
study the details of locomotion m the other animals. Wo are* able to 
do this by the method of ilr. Muybridge* since developed in the inven¬ 
tion of the cinematograph, and which was explained by Mr* Muy¬ 
bridge for the first Lime in this country about 30 years agn in a lecture 
in this hull. 

Take first the galloping horse. The lantern diagram shows clearly 
the various phages in the action of a horse, and shows how the animal 
k not only able to attain its high speed by its length of stride, but by 
doing what man can not do to the same ex Lent—drawing up its body 
[mil in springing forward, using alternately its fore and liind feet, so os 
to get a stride which no two-footed creature could attain on the level 
ground* I may point out that the kangaroo^ though using only two 
kgs, makes effective use of its tail in the spring. The horse springs 
clear of tho ground off its forefeet, only you will notice that It uses 
both its fore and hind kgs as the spokes of a wheel on which it rolk 
when walking (exactly as man doe#), though it rulk and swing* 
alternately in galloping. The same kmd of diagram could be con- 
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stmeted for the effort exerted nt different speeds by the horse, as bus 
been produced by Mnrey for tlto mso, only the distribution of energy 
would probably be very different. 

Turning next to other imimnls, it is interesting to observe that a 
greyhound gets its high speed in proportion to its size owing to the 
great flexibility of its long body, which enables it to draw its hind 
1*&* forward each time for the next bound, and also bound forward 
both front its fore and hind legs, Tko other annuals in galloping 
have each the flame general kind of movement, although the deer, 
curiously enough, only bounds from its hind lege, and differs in this 
respect from l lie horse; and also it will he noticed the want of 
flexibility in the body of an animal may be one of the causes of its 
relatively slow speed. But whether it bo man, home, dog, or any 
other animal, the same characteristic is found, namely, that lucomo- 
tiou, apart from the bounding action, takes place by a sort of roiling 
action on the ground. The idea which had persisted since the 
delineation of horses in Assyrian and Egyptian pictures, that both 
the fore or Wh the hind legs are put, on the ground simultaneously, 
is thus exploded. As Mr. Muybridge truly said: 

Wiif.'B, during a pal tr>p, the fare imd hind on? wVOrelly and consecutively thrust 
f»i4iinJ and b.n’koani tc» their full- -i extent, (heir comparative inaction miv citrate 
in liiL- uuntj q( the oqlati cte-mi an itHpetaafan of india'inct outlines; those suc- 
«save flpiHaininecs were probably combinud by tho earl oat sculptors and painters, 
and with proteequo euggoaiwa adopted aa the solitary position to illimlrelo (treat 
spe e d. 

As a matter of fact, each leg in turn, as it rests on tho ground, 
Btope for a moment just as much as in the forward position above 
mentioned, and if you watch a dog galloping you can see quite 
clearly tins rolling stroke action I hove mentioned. 

With the above facts in mind, we can understand exactly tho 
limitations to animal locomotion. In tho words of Mr. Muybridge: 

wiica tho body of no animal b being carried forward with uniform motion, tho 
liraba in their relation to it havo akematoly a and a rKn^ressivo action, 

their various portions accelenitin^ la comparative <p«*i and repose as they extend 
downward la the foot, which am mihjeeted to smjwrelve change* fmm a condition 
oi abaolato rest to a varying increased velocity in comparison with that of tho body. 

Hence, all animal locomotion absolutely lacks that continuity of 
movement, the production of which we shall see is tho distinguishing 
feature and the direct cause of tho Ugh speeds attained in mechanical 
loco mot ion. 

The exchange of the intermit tent movement of nature for one 
having the desired conlimihy of movement has been effected by means 
of what is possibly tho greatest and yet the simplest of all human 
inventions, namely, the wheel. Tho wheel waa made and used prob¬ 
ably thousands of year* before man learned to replace muscular effort 
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by Lb At of til earn and the other furies of nature, the origin of the 
wheel bring absolutely lost in antiquity. 

From the models which I now show will be noiiced tho way in 
which the wheel acts and how it overcomes the defect of animal 
locomotion,, giving a rotary and continuous movement instead of a 
reciprocating and variable one. At one ami the same tune the wheel, 
therefore, do re away with tbe three causes of loss shown hi the 
diagram as occurring with animal locomotion. The mere use of tbe 
wheel b»^ enabled man himself ^ by bis own muscular effort, enor¬ 
mously to increase his individual power of locomotion. The top 
curve on figure 2 shows, in comparison with the other curves of 
walking and running, his unpaced records on a bicycle, in using 
which it will be realized that all three causes of loss which occur in 
running and walking are obviated. You will notice a similar differ¬ 
ence in speed as the distance varies to that which is made evident in 
the curves for walking and running* For tho d(stance of 100 miles 
the average speed is thus only 21 miles an hour, while that for a one- 
four ill mile is more than 35 miles an hour. In view of the results 
shown by the curve, it is not surprising that the-bicycle has entered 
largely into tho conditions of modem life. I am not able to give you 
any exact figures of the quantity of bicycles turned out each year in 
this countryi but I can tell you that in tho post office alone there are 
now 12,000 hi cycles employed, and their number Ls always on the 
increase; the distance covered on them by men and boys in the year 
is more than 120,000,000 mil re. 

1 have not dealt with paced bicycle records, os auch arc not the 
result of muscular effort, but of being pushed along by the current 
of wind which follows up the paring machine, such m occurs when a 
man on a "push” bicycle is paced by a motor vehicle* In a record 
first set up in America for 00 miles an hour on a bicycle, a man was 
paced by a locomotive engine, running at GO miles an hour along a 
special track; the rider was nearly killed when he tried to drop 
behind, owing to the whirlwind which was bring dragged along by 
the engine; ultimately his life was saved by his being lifted bodily 
off his bicycle onto the locomotive. There is no record as to what 
became of tho bicycle* 

Curiously enough, records for ico skating and roller skating are 
almost the same, and far below that on the bicycle, which I think 
proves distinctly that the reciprocating movement of the limbs limits 
man's powers, whether ho is sliding on the ico or using wheels as with 
roller skates. Tliis is so f notwithstanding that ho carries along 
wiLh him when on a bieyrie the eitm weight of the bieyde, but the 
recipnocatiijg movement of Ids legs is so slow, owing to the gearing 
up of the driving wheel, as to give him the material advantage shown 
by the respective curves. Further, in skating, there is no doubt that 
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the movement of his limbs entails a certain amount of rising anti 
fulling, ns well ns reciprocating motion and consequent hws which 
occurs in running 

Now, in theory, the w heel is perfect, and in the case of u perfectly 
hard, circular wheel, rolling on a perfectly hard track, there should 
he no resistance. This you can well imagine from the lantern model 
which f now show ill operation. In this there is no appreciable resis¬ 
tance, hut it Is just in this direction that, the wheel has defects 
unknown to nature's methods, since men ami animats move upon the 
ankle joint in a quite superior way to the rolling of an ordinary wheel. 
In passing I may remark that the mom man improves the roads, and 
tin* higher Ids standard of locomotion becomes, the more will he feel 
the need of a mechanical walking machine (it will he a walking 
machine, though possibly moving »t 20 miles per hour) to progress 
over parts of the eart h where roads do not exist, nr are still in an evil 
condition. ! lie better his mechanical appliances for producing snfh 
a walking machine, the sooner will this come about, as t his is really 
a vital factor in the solution of the problem. Xo wheel, however, is 
quite hard and round, and no road is quite hard and smooth, and there 
h* always on arc of contact, more or less appreciable, which causes a 
loss, since nibbing takes place instead of true rolling, as shown in the 
next lantern slide. The next lantern working model I show illustrates 
the other effect, in which, the wheel meets obstacles and is deflected 
by them from its course, giving exactly the same kind of loss which I 
showed you takes place with a man in walking, and which is made 
apparent by making the ear write its own record on a piece of smoked 
glass, exactly us my assistant wrote his record of rise and fall on the 
blackboard. 

Thus there are two ways In which the wheel can be improved; 

0) % perfecting the wheel mid hardening the track—and that is 
the Secret of the development of the railway system, 

(2) By causing the olistade to be absorbed in the tire of the 
wheel—that is the real secret of the success of the pneumatic tire. 

The working model now on the screen illustrates the latter point, 
and shows at once how the three causes of resistance to ammo] loco¬ 
motion are overcome. 

To-day we can replace the muscular energy of mini by almost un¬ 
limited mechanical power, and figure 3 is a comparative speed chart, 
which I have prepared and which indicates t he enormous advance in 
the speed record which has been made over the best unaided muscular 
efforts of any animal, It is curious to see that the highest speed ever 
attained on a railway is closely Approachcd by that obtained with 
motor vehicles. The records for the hitter are as follows; 

The Durracq car of 2fK) horsepower has done 122$ miles an. hour 
for 2 miles. A Hat cor, driven by Nazarro at Brooklanda, 126 miles 
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an tour. A Stanley stcani car, 127 miles an hour, and a Benz car 
has done 127J miles an hour. 

The maximum recorded speeds of a railway were on the experi¬ 
ment u! line of Messrs. Siemens, on the Berlin-Zossen High Speed 
Railway, where a speed of rather more than 130 miles an hour was 
attained. The electric current employed was 10,000 volts, -100 horse¬ 
power motors being used. On the Morienfel-Zossen experimental 
line, the speed attained with 250 horsepower was apparently rather 



less, though in that locomotive four motors were employed, the 
current being, as in the other case, 10,000 volts. The lantern dia¬ 
grams are & picture of the vehicles actually employed, Mm of the 
track on which the experiments were made. As a set-off against the 
sober engineering pictures’, I show a picture taken from an American 
motor journal, illustrating a motor vehicle and locomotive at top 
speed, the former passing on a level crossing in front of the latter. 
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The foregoing ore thn record speeds so fur obtained of lurrhanira! 
locomotion, and it will bo interesting to see what are the record speeds 
attained in the other elements. Until the other day, as Mr, Parsons 
told us in liia lecture, the speed on wetter which has never been ex¬ 
ceeded was that of the ill-fated turbine boats, PSpn* and Calm, of 
about 43 miles an hour. The ship which at present holds the record 
for speed is the torpedo destroyer Tartar, built by Messrs. JobnThomy- 
croft; this, under Admiralty tests, giving a speed of 4 1 miles an hour. 

The diagram (fig. 4) shows in an interesting manner what the 
progress in speed has been for this class of boats during the last few 
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&nd may be taken as typical, and about which curves Sir John 
Thpmy croft writes as follows: 

I d® Hat think tiio curve weuJd bn mate-rial ly nJterp4 If vuhIb 0 f other bui [flora wore 
brought b + ilLhouph there would naturally bo mope pointn on it. 

I ailiable, however, to give you tlw results to-night of sometlung 
which has altogether put in the shade even the speeds of the two first- 
mentioned boats. Tins has been attained by a boat which, though 
corresponding in some respects with previous hydroplane boats, line 
been designed by Sir John Thornycrofl to possess a certain amount 
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of Beuwortldneas. The rate of progress in the increasing speeds in 
this class of boat is shown on a separate curve (fig* 4], from which 
vou will see that the celebrated Miranda held ns a hydroplane the 
record with the Tartar for speed, the Ursula also holding the record 
of about the same speed as a motor boot. Only a few days ago, how¬ 
ever, the new boat Maple Leaf HI lias attained the extraordinary 
speed of nearly 50 knota; that Ls to say, a speed approaching 60 miles 
an hour, using 600 horsepower to effect tins speed. To use a vulgar 
expression, this certainly smashes all previous records for speed. I do 
not pretend to give exact figures in this case, because such have not 
been officially taken, but the statement is probably on the low side as 
the boat has not been yet properly tuned up. You wiEI sec one 
remarkable thing from the curve, namely, that the rate of progress has 
been so rapid in this class of boat, and the curve rises so steeply, that 
in about- three months' time there is due from Sir John Thomyeroft a 
boat which will travel at about 100 miles an hour. I am afraid t how¬ 
ever, it would not he fair to press this graphical argument quite so far. 

Through the kindness of Sir John Tboniycroft and Mr. Edgar, the 
owner of the Maple Leaf 1 am able to show both the Miranda and 
the Maple Leaf Ill . The hitter, you will see, is traveling at such 
an extraordinary rate that the water which is lifted up does not 
lull to the surface again until the boat itself has traveled several 
lengths away. You may be interested to see a model of tills last boat, 
winch has been kindly prepared for mo to show to-night, as well as the 
Tartar and Miranda, You will notice the form of the Maple Leaf 
III is that of a steeped hydroplane, which in a modified form was 
fiwt suggested by Mr. Ramus many years ago; it is the secret of 
placing the weight, and also the development of light engines giving 
largo horsepower, which has enabled the dream of Mr, Ramus to be 
fulfilled. 

Turning to the last of the three elements, namely t air, it was my 
intention to have dealt with it at greater length than I now find It is 
possible to do, but, thanks to the doily press and illustrated journals, 
tliis subject is as fresh in the minds of everybody ns it is familiar. It 
is nut necessary in this room to remark that the wild talk of almost 
incredible speeds has very little foundation. Bodies move quickly 
enough in the air, and very often far too quickly, hut what is gener¬ 
ally overlooked is that die difficulty of the problem lies in the matter 
of supporting the body in the air rather than moving through it, a 
problem which is very much simpler for land and water# The 
human body itself, while of about equal specific gravity with water, is 
about SGO times as heavy os air, and probably, taken in conjunction 
with the motor and aeroplane, the weight which has to bo supported 
is several thousand times as heavy relatively to the air which it dis¬ 
places. Inasmuch as the support of the air necessitates the use of an 
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inclined plane and a corresponding expenditure of energy p the speeds 
nuado lioriacmtaliy and independently of the wind hare, at the present 
time, bandy exceeded hidf the record speeds made on wheel veldelcs. 
As a matter o! fact, only the other day the record for passenger flight 
was broken by 1L Jfieuport at Mourmelon, when he flew with two 
passengers for lb. 4m. 58 fa*, and covered 68.35 miles at an average 
speed of 63 miles per hour. It is difficult to say exactly what the 
true speed at present is round a course, but we may safely take it 
as probably under 70 miles an hour, the record being, so far ns I 
have been able to ascertain, by 31, NieuporL on March 9 this year 
at Chalons—<58 miles 168 yarik in the hour. 

We now see the relative position of the record spcetls in the 11 tree 
elements on our speed chart {%. 3), and it is obvious that while ou 
land the sped! lias been far exceeded of the fastest animal, on water 
it hits probably only recently surpassed that speed, while in the air, in 
all probability, it is still considerably below it* Wo must not, how¬ 
ever, from this argue that flying speeds will fur safe flying machines 
rise so far beyond that of birds as land locomotion has risen above 
the speed of animals, for it looks as if the speed records on land 
would be at least equal for some time, if not greater, than that 
possible with safety in the air. At the same time there is no doubt 
that speed is the one great factor of safety in flying, and aerial speed 
records are sure to go on rising year by year, but time does not 
permit mo to pursue tliis subject further to-night* 

Instead of vague surmises a$ to what may be done in the future, 
let us spend a few minutes looking into the question of these limits* 
The two chief things on wliich the limit of speed in locomotion will 
depend are: 

(1) The motive power available. 

(2) The resistance, and the manner in wliich those resistances 
operate. 

But inasmuch aa wo are not merely considering the human body 
as a projectile, we do not take into account such speeds as have been 
attained by man in such ways as, for instance, in a high diva, say, of 
nearly 100 miles an hour, or even the thrilling descents such ns are 
made in a bobsleigh. We must really consider speeds which can be 
made with safety; and there are two further questions which arise: 

(1) Knowledge as to possible obstacles, coupled with a power qf 
safely stopping within the distance to which our knowledge extends, 
L e. signaling and brakes. 

(2) Vibration. 

These two latter really limit conditions of high speed for practical 
traveling. 

In daily life the Umitmg conditions of apeed in traveling depend 
largely on the distance in which we can safely come to rest. As 
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the population increases and there is less room for everybody ? the 
question of brakepower become more and more important, and 
with it, of course, die power of starfmg from rest qukkly, or r to put 
it in scientific words, the power of rapidly effecting luoUi positive 
and negative acceleration. Wo are very differently constructed from 
the particles of air in winch we live, and do not yet travel as fast, 
but fortunately; ns yet, we are not. quite £0 crowded, since, according 
to Lord Kelvin, they move about amongst each other at die ordinary 
atmospheric temperature and pressure at an average speed of 1,300 
miles an hour, and they can. not avoid fewer than 5,000 million col¬ 
lisions in every second. As you see in the streets, and as I shall 
show you with regard to suburban traffic, high speed is becoming 
mom and more a question of starting and stopping rapidly P I 
remember in the early days of cycle racing, In order to lighten lhe 
mud due. the racing men had no brake, until they found what is now 
well recognized—that the speed at winch you can travel depends 
upon the safe distance in which you can slop* I can illustrate this 
by dropping an egg from the dome of this building, which I can do 
without causing it any injury, even when it is traveling at 30 miles 
an hour, if I have proper means for bringing it to rest.. I also drop 
a wineglass from the same height and bring it to rest quite safely. 
Owing largely to the perfection of the continuous brake, the speed 
records obtained on several railways are from 90 to 98 miles an hour, 
wludi I have put down on the diagram, and it is possible that 100 
miles an hour has been reached, and even exceeded; but this is a very 
different matter from the highest express running which is found 
ready practicable. You will see on the speed chart (fig. 3) a line 
indicating the average railway speeds of the fastest running (without 
stopping) for die 15 principal railways of the country* The average 
distance of the quick mm Is 51.7 miles, and the average fastest Tun¬ 
ning is 56.2 miles per hour. On either side of this line are the two 
fastest speeds namely, 611 miles per hour for 44^ miles on die North- 
eastern Railway from Darlington to York, and the lowest of these is 
51 miles an hour, over the 51 miles from Victoria to Brighton on die 
London, Brighton & South Coast Railway* This shows how little 
die high speeds of all the railways of lids country differ from one 
another, and indicates, at any rate for die present conditions, die 
highest spells of traveling found suitable to our wants, 

I will take as another illustration of actual traveling the case of 
suburban traffic; and wo have only time for one example, namely, 
the traffic from tin* Mansion blouse to Ealing on the Metro poll tap 
& District Railway, the details of which have been kindly provided. 
by Mr. Blake, the superintendent of the line. Figure 5 shows in 
38^4 1 * 11 -- 11 
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graphical form the quickening in speed from the opening of the 
line in 1SS0 to the present time. You will notice that this increase 
of speed has been followed by remarkable results; tire first immedi¬ 
ate result is the possibility of a greater number of train*, and the 
curve uf the rise in the number of train* is shown on the diagram; 
but the really significant feature is the me in the number of pa^seo- 
ger^ coined, 3H^ p OOO,D(HJ-72 F OOO r GOfl ? which is the direct result of the 
increased facility in traveling. Now, it is in such a case that the 

importance of die sig¬ 
naling and braking come 
to be almost preemi¬ 
nent, quite apart from 
the mere mechanical 
problem. 

I may point mil that 
t he District R ail way, 
in common with most 
other electric railways 
of this country, has 
what is known as n 
“track system of signal¬ 
ing/’ which apart from 
the fact that the driver 
holds what is known as 
“the dead man's han¬ 
dle/ 1 which upon bring 
released causes the train 
to stop, the train inde¬ 
pendently stops itself 
upon coming to a por¬ 
tion of the line not 
cleared by the previous 
train. 

I have given you 
some examples that this country is not so far behind m we are M 
often told; and we have another i n the fact that the District Rail¬ 
way has created u most beautiful system, by which the signalman 
k now absolutely Independent of fog or darkness; he can see evety 
trainp or rather its picture, as it moves along the track hi an illumi¬ 
nated diagram in front of him, ^o one could watch, as I have had 
the privilege of doing, the operation of this system in n signal box 
with suit feeling certain that it must become universal m ft T ^ T y short 
time. You may like to aee an actual panel from a signal box and & 
view of what the Interior U like with the signalman operating 
Instead of cumbrous levers, only a few small handles. 
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With regard to the question of vibration and oscillation, these are 
gradually being diminished as machinery is perfected, and you will 
see from the model illustration that they me important and may 
become ver\' serious, They have, for instance, given Mr. Brennan 
much trouble in perfecting his wonderful monorail, with which wo 
shall yet perhaps sec every record broken; and you will remember 
Mr, Parsone'B statement in this hull a week or two ago that an ounce 
out of balance on the Laval turbine represents an actual pull at the 
axle of no less than a ton. 

There are many other features which I have not time to enter 
into. There is one, however, which I will briefly touch upon, as it 
Is Lite secret of our safe railway traveling, I will illustrate the mat¬ 
ter by an experiment in which a pair of wheels connected by an 
axle keyed firmly to both are made to run along a pair of rails. You 
will notice that the wheels are "coned 11 instead of having cylindrical 
rims, and it is easy to see that any movement sidewise h at once 
corrected automatically, zmd within certain limits no rim at all is 
required for the flanges in order to keep the wheels upon the rails. 
The same model illustrates the important property of 4 4 super-d ova¬ 
tion” applied to the outer rail o^a curve. You will see, with proper 
super-elevation, the wheels run safely around this sharp curve even at 
a high speech Time does not permit me to enter at any length cm 
the question of development of power or the nature of resLjstancfl to 
motion, I will content myself with saying that with regard to the 
former we have already seen that the power of flight has been made 
possible by the invention of the small high-power internal-combustion 
engine, and it is to the same invention that the marvelous speeds 
obtained with small boats is due. We can scarcely realize what will 
be the result when the intemal-combustion engine has been developed 
further for the purpose of locomotion. Our prospects of a further 
great advance In speed record breaking appears to lie in tills direction, 
and we idready hear of a new car of 250 horsepower with winch a 
speed of 140 miles per hour is confidently expected. 

On water, as on land, our actual speed of traveling falls far below 
maximum speed records* and wo do not commercially travel at much 
more than half the possible speed, as you see from figure 3, where 
the speed of the Mauretania h shown graphically. Figure 6 h a 
chart of the progress of Atlantic shipping, taking the Canard Line u 
an example, and these curves indicate that the rate of increase of 
horsepower find tonnage is rising far foster than the rate of speed 
and indicates how relatively highly the rate of power Inis increased 
for the gain of speed. 

Wc have new* passed briefly in review the nature of the problems 
which confront us in our continuous efforts to increase die safe and 
practical speeds of mechanical locomotion. Wo see that itt the root 








FM, 1 PrDijreEa 6n Allies Le itfmcnsn {Cun**!}, 

Shak^pcni-p makes one of Ids characters say, "The spirit of the time 
ahull teach me speed,” but he might have said this of any period 
equally with lhut of King John, though never more so than of to-day, 
for the changes in the requirements of civilization have only altered 
in detail, and speed is of us much importance as ever in the struggle 
of life. The probably unconscious recognition of this fact has always 
led question of speed to be raised as prime factors in proposals for 
new modes of locomotion, and u is interesting to look back only 
a comparatively few years to see, in raising these views, tliis was 
always the case, hut how little any ideas of future possibilities were 
realised. When George Stephenson, backed up by n few courageous 
and enterprising men, was fighting the battle of the railway and in 
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of it all lias the question of artificial power and the harnessing ici 
compact and convenient form the fltored-up sources of energy in 
nature in order to overcome the op posing resistance* and we can 
realize that r although we have obviously reached the Emits of animal 
lowmotion, we are far from having reached any limitation in regard 
to the speed of self-propelled machines. Wo sec that in all three 
forms of locomotion—earth, air, and water—the advance has I 
more rapid during the last few years than ever before, ana 
realize that there is yet a considers Me margin by which speea oi 
traveling could be increased m the demand for it is made; and 
nothing is more certain than that the demand will be made* 

1 began my lecture by pointing out why speed was instinctively 
taken as a test and a measure of locomotion from the earliest times* 
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particular trying to secure the passing of the bill for improved com¬ 
munication between Liverpool and Manchester, the question of speed 
was the most important one raked. The opposing counsel, Mr; 
Harrison, spoke as foBcrwa: 

When we AOt out with the original prodp*cLLia d wo wero to gallop, X know not at whit! 
rate; l believe it nt ilu* rate of 12 mils it a hour. My lranud frh>nd t Mr. Attain. 
Contemplated—pacQily altuditj^ to JtvLud -that »mo of the Irish m&mbera would 
,\m ve in tbo va^uae tu adivision. My learnt frionrl ^aya that they won!d go at the min 
of 12 niiltH m hour with the uid of the devil in the form of a iMictiv^ ailung, a* 
po^tiUon on the fore horae, and ua honormbLo member sitting behind hita to stlf up the 
fire, and keep it at full ttpecd. But the speed at which these locomotive oqguun are 
to go has alaekeaed: Mr. Adims don no! go faster now than $ miles an hour. The 
learned eergeant (Spankb-j nays he should like to have 7 P but he would be eon Lent to 
gu 0. I will show he can not go G; and probably* for any practical purposu*. [ may 
bo able to rfiow that I ™ keep up with him by the Cftnit, * * * Locomotive 

engine -atk i liiiblo to be operated upon, by the weather, Tho wind will affect them; 
and any ga|o ol wind which would affect the tratEc on the Mersey would mndor It 
impossible to so t off a loccmotivo engine oitlier by poking tile Era or keeping up the 
pn^Hiire- of vteam till the boiler was ready to bunt, 

The committee, after hearing the arguments of Mr. Harrison, 
threw out the bill for the Liverpool & Manchester Kail way bv a 
majority of 19 to 13. In under to realize that the Above ideas were 
general, the following may be quoted from the great journal of the 
day. The Quarterly: 

Wbnt can bo mom palpably abeim! and ridnculouA than tho pitwpect hold out of loco- 
mntivefl travelling twice aa fust os itagft OMbchos? * * * Wd tnurt Umt Parliament 
will, in all railway**- it may Sft&cttaa* limit the speed to S or 9 mik-a au hour, which we 
entirely agree with Mr, Syhregter in a* gmat aa can be ventured on with safety* 

Even in more recent times wo sec the struggle for the road loco¬ 
motion question turned on one of speed, and the supporter of tho 
new departure were unable to make any headway for many years, 
partly because the speed limit was put at between 3 and 4 miles an 
hour -that is, the limit of a walking man. A few years ago tho 
speed of 12 miles an hour, which* after a great struggle, was obtained, 
gave place to 20 miles an hour. You can see from tho diagrams 
whkli Mr, Lcgros gave m a recent paper before tho Institution of 
Mechanic**! Engineer, and which have been brought up to date* how 
the speedier self-propelled vehicle is leading to the disappearance of 
the horse—at any rate in l>mdtm—and the difficulty which most 
people seem to feel is not how to get above tho speed limit, but how 
to keep within it* and tho papers show, by a daily crop of sad exam¬ 
ples h how only too painfully easy it is not to do so. 

Nothing points more dearly to what I have indicated as the basis 
of our instinctive desire for speed, than the fact that our measure of 
Speed is entirely relative. Thus 60 miles an hour would be a slow 
speed for a motor car on a racing track, as seen by the speeds of the 
motor races at Brooklunrfs last Saturday (March 25), but this speed, 
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n’liich would be even quite good ulong the open road to Brighton, 
would be considered decidedly on the high side for motoring along 
the Strand. Our ideas of what is slow and what is fast, are largely 
derived from habit, and particularly from surrounding conditions and 
from our mode of estimation. For instance, we have been carried in 
this hall during the last hour with the surface of the earth round its 
axis a distance of about GOO miles. This speed would require a line 
on our speed chart about ns high as the dome of the hall to represent 
it graphically. But if we judge the speed from observing tho 
apparent rate of motion of tile moon and stars overhead, we could 
never realize this. Far less could we realize by the change in the 
seasons the speed at which we are traveling with the earth round the 
sun, accomplishing a distance, as we do, of 540 million miles in 365 
days, which represents roughly, a distance of 00,000 miles per hour. 
We have thus traveled together, since we came into this hall, a speed 
of 60,000 miles. The line required on our chart for this speed would 
be about as high as St. Paul's Cathedral, But these speeds fall far 
short of those of certain heavenly bodies with which we are familiar, 
such ns the meteors, some of which are traveling at 160,000 miles an 
hour, and the recent comet, which probably exceeded this speed one 
part of its journey round the sun; whereas the fastest speed which 
man has, up to the present, been able to produce, even in a projectile, 
amounts to between 2,000 and 3,000 miles an hour (the Krupp 10.7 
cent!meter having a velocity of 3,291 meters per second, and a 6-inch 
Vickers, 3,190 meters per second). The highest projectile speeds we 
have attained are thus only about one-tenth of the speed at which 
Jules V erne fired M. Barbtcane and his friends off, in order to over¬ 
come the earth's gravity and reach the moon, since the speed he 
required was 12,000 yards per second, or 24,000 miles per hour. 
Such an idea we are quite justified in thinking absurd, but we might 
have been justified in thinking many of tho things absurd which Jules 
Verne wrote about, only 40 years ago, and which have since come 
to pass. Take Round the World in Eighty Days. In that case it 
cost Phine&s Fogg £19,000 to take himself and Ids servant round the 
world in 80 dap. A telephone inquiry of Messrs, Cook an hour or 
twu ago elicited tho fact that anyone present can start to-morrow 
morning and go round the world, with a servant, in less than half the 
above time, and for less than one-fiftieth of the above Bum. 

Thus though, impelled by instinct, man will ever continue to strive 
to increase his speeds of traveling, and with the refinement of machin¬ 
ery and invention doubtless succeed in doing so, it may be safelv 
said that, notwithstanding the still increasing upward angle on some 
of the speed lines of the charts I have shown to-night, this rato of 
increase will before long begin to lake place at a continually diminish¬ 
ing rate. Such feats as the journey from Paris to London within the 
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hour may be regarded as quit*? a feasible engineering proposition in 
lb^ future, though possdbfy a tube will be used for the purpose, 
without the employment of wheels, and with a modification of the 
pneumatic system of that great genius Brunei. We should, however, 
in doing this journey, be only traveling at half the rate we are 
actually moving at this spot around the earth's axis, while to do it at 
the rate wc are traveling round the sun we should only occupy a 
quarter of a minute. This latter speed, apart from the fact that it is 
getting very near the point at which meteors fuse with the friction of 
the earth's atmosphere, seems to be quite outside the limit of the 
possibilities of artificial locomotion by man, hut how far we shall go 
tow ard it, who can tell ? 

jVof*.—Sineo delivering the above lecture, M. AndnS Jager Schmidt, 
of the Excelsior, has made a tour round the world in 39 days 19 hours 
43 minutes 37 &econda. The cost of doing this was £242 3s r Tlie 
actual cost of the railway ticket round tlie world being £115, the rest 
being extra payment to insure expedition. 

Further note, February 14 t i£i£.—Since the foregoing lecture I 
showed that the curves of fatigue for metals coincided in a remarkable 
way with the curves of fatigue for muscular effort given in fig* 2. 
The following statement of my remarks on this subject appears in the 
Proceedings of the Institution of Mechanical Engineers for 1012: 

Ih, Hr Sr Hde-Shaw (member of couaril) juikl he woe Mpoaflibl& fat Ike curved 
which appeared era the diagmni exhibited ffig, 7], "Endurance of Mctafe," Juid 
there seemed m W? a great deal of curranty amoogat the memhera os to what cycling, 
running, an..! skating had to r|q with the subject or the paper. A short thnn ngohe gav« 
a Friday evening lecture at the Royal Institution on Traveling at High Speeds, and he 
then gave, he believ ed for the first time, the plotted record? for mu&cular fatigue, Tlie 
records, m would \m seen. nJiisifrtLvJ of plotted curve* for the highest that is, the 

greatest efforts, and the distances over which it was poreihle to maintain thw speeds, 
whi ch speech* were repi emit End by the vertical lines In the diagram. He thought o very 
engineer would at once understand without further explanation what the cnfveo 
■bowed. For matinee, taking the running rtimn, it wonJd be noticed that it was 
p™ble for a man to mu 100 yards at the mie of about 21 miles an hour; hut if be rati 
for 100 miks be could only mu at the rate of 7| miles an hour. The principle 
applied to a LI the other records. Ho did not wish to enkugo upon tho details oftbe 
particular curves, but his assistant. Hr, T, E, Beachaiu, B, &c P , who drew them up, 
pointed out to him the remarkable similarity of the curves obtained by tlie author for 
the fatigue of metaLi. and bis own curves for muscular fatigue .. One of the author's 
curves was taken ut nmrbira, and the scale altered, and it would be seen that it wait 
exactly the same kind of curve y those on thu muscular fatigue diagram. The curve 
Klsrled happened to be figure 31 [fig. 7], which dealt with speed men No. 23, and that 
was plotted in Llm dolled lino shown in the diagram* Now ibo question arusoj Wisi 
there any raison for the similarity between the curve for muscular fatigue, and ihe 
curve for meld fatigue? J t would be noticed, in iho first place, that the results from 
the muscular M»i» coirespunded to tlie breakdown in the metal tests. The curves 
for muscular cndufwnco were the- lined result of many thnumnds of efforts to achieve 
the greatest possible effect for a given speed and a given distance* and when the man 
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had **Meved tliat object Lo had broken down, at auy rate, temporarily. It was well 
known that m a ItSft-yonla race the trum, who made the greatest effort* nod put tho 
P^lsfc possible endurance into that effort, wa& pmcic.iiritliv' alnjoJiitoly exhausted p and 
\h is mTTMjMnjed )o the yield ing of tin) mgt&l specimen vvk*n ft gave way. It waa tlie 
aame wiih the man who tan 100 mi ten. littt he could ouly maintain a speed for that 
distance; the eanie result was obtained with the breaking down of the metal under ]e^ 
BtJrerti when the reversal of stf?sg wh further prolonged, and ihiira wee every rea .4011 for 
both kmiLard curve* byb^ Jui^iri3 1\in ic in form as they were. Thus, umsrubr fatigue 
con^^nded in a certain way So the endurance tiftis of metals. 

It wu4 only quite recently that phytriftlpgiAES ln-J understood fto rea*m of the limits 
of MUfl uliircEifliifiinf'e, which limit was reached 3 because of the formation of the toxins 



MILES 
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in the ftusde?, and which toxins must he dWtjmted and the muscle renewed. Thu*, 
if a man made a certain effort, ho could not renew the toxins sufficiently quickly to keep 
that effort going beyond a certain distance. In tlm case of me Lila was there anything 
similar comparable with that? In that connection bp approached a subject that had 
already been alluded to by previous speakers, lhough nut in ttich a way m to account 
for the result* be had referred to. Scientists at the present time, did, however know 
the reason, ami had discovered an explanation of tho exuraordiimnly pimW nhe- 
noinonoEL of fatigue of m v Luts as well as of muscular fatigue. He bud bet** him * JLJ 
m7 of the valuable and interesting lec tures■ that Dr. Ronenhain dcUvaJ 

1 Fwmitui njii, |rt. ? p pliT ~ -— 
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Ijefoiu l ho Institution. ami hcs asked tho nmmbata lu read thtMjxpknaiiun, glv&D in the 
tlmrat possible language. us to why n apetriiman which subjected to repeated 
roveraal cl tstrcjs imwt, according to the teaching of mjcrophotogrjph y t inevitably fail 
bL a lower 4Lrt«d than linden the ordinary feat. A cvrliiin number of cnuloh always 
occii pied ah unfavorable petition, and they yielded at a certain siiyea before the other 
particlea yielded. If they wen? allowed io remain in drat new jkwuiIoli they might 
ptiaibly Jix tbem&elviei thorn, but it theatre wan ruvttwed the movement fcood thm 
pnfticlEifl in a weakened fltalo;, and lf it Was again flmaad they jrguiu gaVo way, and 
lima tilled a greater an™ an the aurfotmdm® particle*, and at bust caused fhaum* to 
form uid .L frauLtiro to take place. This w-ua lKe: tilUntatg cande d the Apparent crys- 
t:illizatioji of a fractund (Specimen, Engineers iBed to bn taught, only a little while 
ago,, that a metal crystallized after a certain time when it was subjected to alternating 
A direct contradiction of that teaching was contained in Dr. Itusunhain'a 
lectures. Aa a matter of fact it wad not a crystallization. Tim crystals were there 
tw&nj, and they were them altorwurdi. The farces which had o arystnllued appear¬ 
ance were facets of fracture which weep gradually prod need by the nl temation of 
fftTG£*oa h and thereby the breaking down ot the (tpedlDBl w-aa obtained He thought 
the members would agree with him that one tiling was very apparent from the pajrer 
and the disemasiom namely, the limited extent of our knowledge of Urn subject, After 
ILflcning to the remarks of the anthems and of the ffsoltomail who had taken part in the 
diacuMton, the mernbewmiwt feel they liad Agrtal way yet to go befiuo the real nature 
of tho many phenomena of the resurtnucu nf tnclula wnfl understood. He trusted tijut 
more experiments would lie carried out, with the object of teaching the me tu bens 
to t¥ftliae what was actually going on in tiio materials they hod to m& t and fit tho ^ime 
time he desired to than lc tho authors for their ojttromely valuable experimental work, 
which wm \A a character to aid the building up of a Hound theory of the subject. 











ftfip, -i t 1-35J.«*C J. M. 


Plate t. 



Roheht Koch, 1843-1910, 













ROBERT KOCH, 1S43-U10. 1 

jWlsli 1 plaii.J 


By C. J, M. 


Prof. Koch was >me of the groat discoverer of medicine. His 
researches have exercised a profound influence not only upon the 
development of medical science, but also upon the welfare of rmm- 
kind. 

Bom in 1843 at KUiiflthal, and educated at the Gymnasium, ho 
studied medicine in Gottingen from ISG2 to 1800. After a short 
period as assist-ant at I ho hospital in Hamburg, ho commenced prac¬ 
tical in Langenhagen, Hanover* In 1807 ho removed to Rack wit z, 
in Posen, where h in addition to carrying on a country practice, he 
found time to study for and to tako a degree in physical science* In 
1872 he became district surgeon in Wollstein. It was while at Well- 
stein that Koclvs attention was first seriously turned to the inter¬ 
pretation of infectious disuses. The study of the work of Pasteur 
and Ms pupils on fermentation and putrefaction* and of Lister on 
the antiseptic treatment of wounds, led him to the conclusion that 
the etiology of infection was not to ho found in miasmata from the 
soil, as commonly entertained at this tune, but much more prob¬ 
ably, in the entrance into the tissues of microbes* and their multipli¬ 
cation therein* 

At the time Koch commenced to investigate infectious diseases, 
bacteriology hod become differentiated m a department of scientific 
inquiry, but the methods proper to the new science were not 
developed and, although a number of cardinal facts had been brought 
to light, knowledge on the subject was chaotic, and advance tem¬ 
porarily checked- Diseases of man and animals presented unlimited 
problems, but the means to attack them were lacking. The means 
which led to the next important advances were supplied by Robert 
Koch, who possessed that rare combination of intellectual qualities 
which enabled him, not only to see what was the next question to 
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ask of nature in order to advance one step further, but also to devise 
experimental methods which insured mi answer to this question. 
In this lust faculty Koch was prominent, and the methods of this 
youngest of the sciences are to a large extent the methods of Itobert 
Koch. 

Two of his earliest papers—that on the etiology of anthrax, 
founded on the life history of Hatilius aniAmais published in IS76, 
and that on experiments on the etiology of wound infections, pu!^ 
lished in 1S7B, written when district surgeon at Wollateui—have 
become classics. This work was earned out in addition to the 
duties of a practitioner of medicine, and without the assistance of 
any laboratory equipment beyond a good microscope. Polkndcr 
and Da value hud Been the anthrax bacillus 20 yearn emlier in 
the blood of infected animals, uud in 1503 the latter had shown that 
the blood containing the bacilli was capable of infecting ajiimiils, if 
inoculated into them. That tlicso bacilli were in reality the cause 
of die disease was, however, controverted. Koch reasoned that as 
the disease remained attached to ccrLain pastures, if the anthrax 
bacilli were the living virus, they ought to grow' outside dm body as 
well as inside. Ile succeeded in cultivating many successive genera¬ 
tions of them in broth, and also watched their growth upon a hot 
stage. He discovered that they formed spores when grown outside 
the laxly or when blood containing diem was allowed to tiryj deter¬ 
mined tho greatly increased resistance of the spores to physical and 
chemical agents; and showed that as long, and only as long, as tho 
broth or dried material contained bacilli or spores capable of propa¬ 
gating themselves, these remained infective for animals. 

Tho importance of the anthrax work can hardly be overestimated, 
it afforded for the first time convincing proof of the causal relation 
of a particular bacillus to a particular disease. Owing to the unmis¬ 
takable character of the bacillus, and its presence in largo numbers 
in the blood of infected animals, its study could be profitably under¬ 
taken with tho means available. 

Koch was unremitting in Ids efforts to improve Ills mitroscopical 
technique, and in the same year published u paper on Lho investiga¬ 
tion, preservation, and photograplung of bacteria, in which an 
account of the preparation and staining of dry films is given. The 
method described is very much that still in daily use. The paper 
is accompanied by photomicrographs uf bacteria, the excellence at 
Which is rarely equaled at the present day. Koch pointed out that 
ho had persevered in this work because he-was obsessed with the 
idea that the hitherto conflicting results of investigations on the 
causation of infective diseases had their foundation in the incom¬ 
pleteness of the met hods used. 
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Koch's interest in traumatic infectious disease® seems to have been 
firimuluted by the disasters duo to these causes (imnug the wounded 
in the Franco-Fmaalaii War, The results of lister's not i septic 
methods had demonstrated that means directed against the infec¬ 
tion of wounds with microbes obviated these diseases. Micrococci 
and bacteria had frequently been found in pus, diphtheritic nice ra¬ 
tion. in the tissues at the edge of advancing riysipe! as, and in pyemic . 
deposits. Microorganisms had also beam discovered in the blood of 
relapsing fever and puerperal fever. Further, Coze and Felts and 
Pavoine had inoculated rabbits with the blood of patients dead of 
puerperal fever, and had succeeded in earning mi the infection 
throng!i successive generations of those animals. Nevertheless, the 
evidence that a particular organism was the cause of a parlieaalr 
disease was far from conclusive* Many observers concluded that 
bacteria were universally present in the normal body. Others failed 
tti find any organisms in ofrviounly septic conditions. There was no 
* practicable means of separating one coccus f rom another coccus, and 
bacteria of identical appearance were found to be associated with a 
variety of diseases. The parasitic nature of traumatic disease was 
probable, but unproven. 

Koch began bis work on traumatic infective diseases with the con¬ 
viction that the most fruitful line of investigation would be a com¬ 
parative one, namely, to induce septic infectious in animals and see 
whether they would "breed true" upon successive remoculntkma, 
controlling the experimental observations by careful microscopic 
examination throughout, FTc used for the purpose of infecting his 
animals putrid serum or bouillon. This, he found, contained a large 
variety of organisms of different sixes find shapes, which he was 
unable to separate from one another. Ho hoped that, implanted 
into the body of an animal, a selection might occur* wad only those 
pathogenic for the particular species survive. His anticipations were 
justified, and the injection of small quantities of such materials was 
followed, in a number of instances, by the development of a fatal 
illness with the presence in the blood of one only of the many forms 
present in the original material* He was able to carry on the disease 
from one animal to another, always with the some symptoms and the 
presence of the same organism. Moreover, if the same material con¬ 
taining a variety of organisms were injected into animals irf different 
specie®, one microbe flourished in the one species and another m the 
second* showing that u particular microbe could establish itself in one 
animal and not in s neighboring spades. 

The animal body is, as Each said, an excellent apparatus for pure 
cultivation, and ho succeeded to some extent in doing what had been 
the stumbling block to aU progress, namely, to isolate one organism 
from another. 


6S4 axnl'ai, repost Smithson ias* tN^TiTuxioy, mu. 

The publication of these three pnjjers raised the hitherto obscure 
physician of Wollstcm to the first rank of scientific in vestige tors, but 
they were merely the beginning of his scientific career, Tfieir 
importance and the genius of their author was recognized by Struck, 
the enlightened director of the Germim health office, who invited 
Koch to accept a position in that department. The chemical and 
hygiene laboratories attached to the department had been exten¬ 
sively equipped, but bacteriology was naturally unprovided for. A 
room was, however, found for him, and in these humble surroundings 
he settled down to pursue his inquiries, lie was soon joined by 
LoefBer and GafTky, who became his first assistants. The three 
worked together enthusiastically in the one room, fitting up the 
laboratory, inventing apparatus, and improving methods. The 
great problem confronting them was to find a practicable means of 
obtaining a pure culture outside the Imdy, Koch accomplished this 
by the simple expedient of adding gelatin to the nutrient medium. 
The gelatin-containing medium was inoculated whilst warm with a 
minute amount of the material, poured in a thin layer upon a plate 
and allowed to set. In this way bacterial colonics originating from 
individual microbes were obtained. Portions from the colonies were 
subsequently sown into separate tubes of broth or other fluid suitable 
for tlieir growth. The discovery of this technique made advance 
possible. 

Another line of investigation undertaken at this time, on account 
of its importance in the technique of bacteriology, was concerned with 
disinfection and sterilization. The experiments of Koch and his 
pupils, made upon pure cultures of pathogenic bacteria, is the inun¬ 
dation upon which all later work <m this subject has been built. It 
also led to the substitution of the more convenient steam steriliza¬ 
tion for dry heat . 

One can not emphasize ton strongly to what a large extent Koch 
provided the tools of inquiry at each stage in the development of 
bacteriology, but lie did not rest there. From 1880 onward followed 
a period of extraordinary activity. In a dozen years the etiological 
factor of 11 important human diseases—tubercle, cholera, typhoid, 
diphtheria, erysipelas, tetanus, glanders, pneumonia, epidemic menin¬ 
gitis. influenza, and plague, ns well as numerous animal diseases— 
was discovered by Koch and his pupils. 

After the completion of his work on anthrax Ivoch’s individual 
efforts were directed more particularly to the discovery of the infec¬ 
tive agent in tuberculosis, whilst diphtheria and typhoid were being 
investigated by bis assistants, Locffler and Gaffky. The work of 
Klcneko and Vilkmm and the further experiments of Cohnheim and 
Salomons**, had established that the disease tuberculosis was due to 
an infective agent which was capable of propagating itself m the animal 
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body* Miliary tubercles were examined microscopically for some 
signs of a microbe, but for long without success. At last, by a modi¬ 
fication in the method of staining, a fine bacillus was discovered, and 
its presence in the majority of preparations established. Efforts to 
grow the organism in pure culture at first failed, but subsequently, 
by infinite patience, he succeeded in growing it upon coagulated 
serum. Once isolated and grown upon a succession of media, the 
establishment of the bacillus ns the etiological factor presented no 
difficulty! and at the Physiological Society in Berlin on March 24 T 
18S2, Koch presented the proof that he hail discovered the cause of 
one of the must widespread and dreaded of human disease** 

From tlie discovery of the cause of a dbease, its prevention or cure 
tines not necessarily follow* but in the campaign against an enemy it 
b of first importance to be acquainted with his nature and peculiari¬ 
ties. Koch interested himself, nt once, in studying tho life history 
and methods of warfare of tho tubercle bacillus. These studies wore, 
however, interrupted. C holera was in Egypt and threatened Europe, 
and the German Government organized a commission, with Koch as 
leader, to proceed to Egypt to study the disease, and draw up recom¬ 
mend ations for dealing with it, should it reach Germany. Shortly 
after reaching Egypt the outbreak there censed. In tho meantime, 
however, Koch had obtained important information leading him to 
suspect ft particular cuiimia-shnped bacillus 11 s the specific cause of 
the disease. The material for the furtherance of his inquiry having 
failed in Egypt■ Kirch proceeded to India, where cholera is endemic, 
and completed his investigations. He satisfied himself that the 
comma bacillus was the constant companion of the cholera disease, 
that IU abundance was commensurate with tho severity of the 
attack, and that it penetrated beneath tho epithelium in the affected 
part. He never succeeded m obtaining it from the healthy or dis¬ 
eased intestine, other than in the case of cholera* It was com¬ 
paratively easy to obtain it in pure culture, and its characteristics 
were studied, but the completion of the evidence to convict this 
organism was lacking, os a true cholera process can not be artificially 
produced in any of the laboratory animals. Incidentally, whilst in 
Egypt, he discovered amoebic in dysentery, and the bacillus responsi¬ 
ble for the widespread ophthalmia in that country* 

As previously mentioned, at the time Koch was ordered to Egypt 
to investigate cholera he was engaged in the attempt to discover 
some means to modify the infection by the tubercle bacillus in the 
animal body. Proceeding cm the assumption that the tubercle 
bacillus exercises its pathogenic effects by means of tt chemical poison, 
Koch investigated the action of the dead bacilli and their products 
upon normal animals, and also the effect of a previous injection with 
dead bacilli upon a subsequent inoculation of living ones. This 
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icd t-j the import an t nbsrrvutinn Thai in nnimuls pmiouslv I rented 
with dead bacilli tho later inoculation of living organisms occasioned 
mi energetic local reaction, leading in some cases to thrir destruction. 

I’n.m his experiments ho was led to the conclusion that, not only 
could a guinea pig be immunized against tubercle by repeated injetv 
of the products of tubercle bacillus, but that the Marne (issue 

reaction could be stimulated, and the disease In.ght to a standstill 

by this means. Later (1850) he published his wall-known results 
upon tuberculin, by means of which tuberculosis could be not only 
diagnosed, but in the early stage* might, he Imped, be cured. The 
possible remedy was enthusiastically welcomed by the whole world. 
Medical men thronged to Berlin from idl parts to see the results of its 
application. The treatment was applied to all sorts of cases in what 
we ilow know were colossal doses. The results wore dir-appointing, 
and in many rases disastrous. The premature publication of his 
results with tuberculin was a misfortune, and the failure of the 
treatment obscured for the timer being the great value of Koch’s 
work, and even exposed him to opprobrium. Koch had, however, 
inado a great discovery, but underestimated the potency of the agent 
ho had brought to light. Tuberculin is an invaluable diagnostic for 
early tuberculosis in man and animals, anil is universally employed. 
Since 1890 it has been consistently employed by a number of physi¬ 
cians id] over the world lor the treatment of tubercle with what appear 
to be beneficial results, and of recent years its employment has again 
been resuscitated by M right. It is now ad minis t&ned in much smaller 
doses, and with careful observance of the effect of each injection. 

During the next eight years, 1891-1899, Koch was occupied with 
investigations into a large number of diseases of men und animals. 
Hie. list includes leprosy, rinderpest, plague, surra, Texas fever, and 
malaria. Those investigations necessitated Ids spending much of his 
time abroad. It would he difficult to judge just how much of the 
knowledge gained upon these diseases to attribute to Koch, as he was 
accompanied by one or more distinguished workers, as in the case of 
the German plague commission which visited India. It is very- Hear, 
however, from the published reports mid papom, that the insight and 
experience with which he directed the inquiries materially enhanced 
Our knowledge of the causation ami means of spread of these diseases 

Koch’s vrork upon malaria needs special mention, Wfaikt j n t ro - 
ical countries, Ids attention was naturally drawn to tIds disease 
Lavctan’s discovery of tho malarial parasite had boon made, hut the 
mec hanism of the spread of tho disease was unknown. Munson’s 
discovery that hlnria was inoculated by tho mosquito, Theobald 
Smith’s proof that Texas fever wsm transmitted bv ticks, and Bruce's 
demonstration that the tsetao-Dy disease was due to a protozoan para 
site, and merely convoyed by the %, suggested to Kodi. as to u(hern 
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that malaria might be transmitted by a biting insect. He was* indeed, 
engaged upon experiments with mosquitoes, and had nearly satisfied 
himself that malaria wns thus transmitted, when Ross published Ha 
results. Kooh was* however, largely instrumental in shewing that 
the tliree types of malaria were associated with three distinct parasites, 
and that none of these were infective for the lower animals, a result, 
of great importance, from the point of view of malaria prophylaxis* 
He also cleared up the difficulty m to the reservoir of the disease in a 
population the adults of w hich could not be found to harbor the para¬ 
site by showing that the young children, even to the extent of 130 to 
100 per cent, were infected. 

In 1001 Koch reported to the British Congress on Tuberculosis the 
results of experiments winch he had carried on during the preceding 
two tears in conjunct bn with Schutz upon the pathogenicity of the 
human tubercle bacillus for domestic animals. Briefly stated, Koch's 
main conclusion from their experiments was that human tuberculosis 
differs from bovine and can not be transmitted to cattle* The far 
more important question: “Is man susceptible to bovine tubercu¬ 
losis 1” was then considered. Xo direct experimental proof of tlik 
converse proposition is possible, but from the fact that men-—and par¬ 
ticularly children—consume large quantities of bovine tubercle 
bacilli in milk, and yet lulwrculosLs of the intestine is rare, Koch con¬ 
cluded that man is little if at all susceptible to the bovine variety of 
the bacillus. He pointed out tlmt the question whether man is sus¬ 
ceptible to bovine tuberculosis at ah was not decided, but expressed 
the belief that infect ion of human beings is of so rare occurrence that 
it is not necessary to take any measures against it. It was the last 
conclusion that caused so much consternation, as moat countries were 
embarked in considerable ox]Mmditure with a view to mm unking 11 in 
chances of infection by milk and meat. Koch may have been unwiso 
in a taring his views, but ho did so with the conviction that bovine 
tubercle is not an important source of infection, and with the earnest 
desire that we should not squander our energies in subordinate <lirac- 
lions, but should concentrate them in efforts to diminbli rmm-to-man 
infection through the respiratory tract. 

The importance attached to a considered opinion of so distinguished 
an authority led to the appointment of numerous commissions of in¬ 
quiry in Europe and America. Of these the work of the English 
Royal Commission has been the most extensive, These investiga¬ 
tions have shown that the sharp distinction between the two varieties 
though usually manifest, is net so absolute as Koch supposed, and 
that bacilli of the bovine typo are not so uncommon]}- found in human 
infections as lie was led to believe. The frank expression of opinion 
by Koch on this subject has boon the stimulus for an enormous 
387S4 ®—€M ISO- 42 
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amount of valuable work in connect ion with tuberculosis fchjuughout 
the* civilized world, but the relative importance of infect inn from one 
another through sputum and from bovmcs through dairy produce 
La still Jin open quest icm, and will not bo settled for many years to 
come. 

Before dosing this sketrli of his life work, it remains to add a few 
words upon Kocli ns a teacher. In 1S85 ho removed from the health 
depart men t and became a professor in the faculty of medicine and 
director of the new hygiene institute, attached to the University of 
Berlin. Merc, with the help of his assistants, numbers of those who 
Inter became leading bacteriologists in all countries were trained in his 
mat horU and endowed with sumo portion of his enthusiasm and earn¬ 
estness. The admirat ion with which he was regarded by his pupils 
and the absolute faith which ho inspired f amounted in many ciisos to 
actual worship, and afford further evidence of the essential greatness 
of the man H 

Amongst the numerous honors conferred upon him by aeientifio and 
academic bodies throughout the civilized world was the foreign mem- 
berehip of the Royal Society, to which he was elected in 1SD7. 

There have no doubt been many discoverers as great as Koch, but 
it must ho seldom that one has been so individually associated with 
the development of a science. Bacteriology has to so great an extent 
grown up mound Koch that the title ** Father of Bacteriology' 1 has 
been conferred upon him by his admiring compatriots. 
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The most distinguished won of a very dktmguiahed father, Joseph 
Dalton Hooker, was bom at Haiesworth, in Suffolk, on June 30, 1817. 
Early m 1820 hie father was appointed by the Crown to fill the chair 
of botany in the University of Glasgow, a post, which he held until, 
in 1841, lie became director of the Royal Gardens at Kcw. As 11 
consequence Hooker was educated in Glasgow t passing through the 
high school to the uni vend v, from which he obtained the degree of 
XL Ik in 1H3D. Devoted m a lad to the reading of works of travel, 
we learn from Hooker Mmself that ho was especially impressed by 
Turner's description of the Himalayan Peak of Uhumlari, and by the 
account of the Antarctic island of Kerguelen contained in Cook's 
voyages. An opportunity of investigating the latter rnma to him 
very early in Ills career. When ho completed his medical studies, 
Ilookor entered the Royal Navy ns an assistant surgeon, and was 
gazetted to Iho Krtbus, then about to start, along with the Terror f 
rrn the famous Antarctic expedition led by the eminent navigator Sir 
James (lark Rose, Throughout tins expedition the young assta(ant. 
surgeon held tho post of botanist, and during its three years* cruise in 
the sduthem seas lie was able to visit Xew Zealand, Australia, 
Tasmania, Kerguelen, Tierra del Fuego, and the Falkland Islands, 
amflfifiirig Urge collection.* and acquiring a vast amount of botanical 
information. * 

Shortly after the close of this expedition, Hooker, in 1843, became 
tubist ant to Graham, then professor of botany in the University of 
Edinburgh, and in 1845, when Graham was succeeded by the elder 
Balfour, Hooker was appointed botanist to the geological survey of 
Great Britain. Much of hb time during this period w aa devoted to 
the preparation for publication of the results obtained during the 
course of bin Antarctic voyages. But in 1847 this work was tem¬ 
porarily suspended}, and )ih§ appointment on the geological survey was 
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relinquished, in order that Hooker might add, by further travel, to 
Ms first-hand knowledge of the vegetation of sub-Antarctic mid tem¬ 
pi 1 rate regions, a corresponding acquaintance with the botany of 
tropical countries. The region selected won northeastern India, then 
a practically unexplored tract, The undertaking, originally designed 
as a private enterprise, through a series of happy accidents received 
official recognition, and the expenses involved were to a partial 
extent mot from public funds. Hooker loft England in November, 
1847, reaching India in January, 1848. After some three months 
spent in the (iangetic Plain and Behnr, during which ho ascended the 
sacred lull of Parasnath, Hooker made his w ay to the Himalayas, 
reaching Darjeeling in Sikkim in tho middle of April. The next 
two years were devoted to tho botanical exploration and topo- 
graphical survey of the Himalayan State of Sikkim and of a number 
of the passes which lead from that country into Tibet; if he did not 
actually reach he at least had opportunities of seeing the noble peak 
of Chumlsri, winch had helped to fire Ids youthful ambition to become 
i\ great traveler. Toward the close of the year 1848 Hooker had an 
opportunity, which 1ms come to no one since, of crossing the western 
frontier of Sikkim and exploring a portion of eastern NepaL During 
the* greater part of tho time spent in tho eastern Himalayas* Hooker 
traveled and surveyed alone, but in Or kibe r r 1849, he was joined by 
Dr. Campbell, the superintendent of Darjeeling, who had obtained 
official authority to visit Sikkim. Shortly after Campbell joined 
him, tho Sikkim authorities seised the opportunity thu£ offered to 
imprison and maltreat Campbell, at the same time confining Hooker, 
whom, however, they refrained from injuring. Tho cap Lives were 
released toward the end of December, 1S49, and the next tliree months 
wore spent by Hooker in arranging at Darjeeling Ids vast coll cel ions. 

Early in 1847 Dr. Thomas Thomson, of the Indian medical service, 
son of a colleague of the elder Hooker in the University of Glasgow, 
and aik old classmate and intimate friend of his own, had been deputed 
by Lord Harding* to visit and report upon certain portions of the 
western Himalaya and Tibet, This ml&tion completed, Thomson 
made his way to Darjeeling in order to join Hooker, and the year 1850 
was dovoled by the two friends to tho botanical investigation of 
eastern Bengal, Chittagong, Silhel and the Ehask Milk, 

On Ids return to England in 18.51 Hooker resumed the task of 
publishing Ids Antarctic results, and liogan, in conjunction with Thom¬ 
son, to elaborate those of the Indian journeys. The collaboration of 
the two friends in the preparation of n "Flora IndieV' the first and 
only volume of which appeared in 1855, ceased when Thomson 
returned to India, and tho appointment of Hooker in that year to 
the post of assistant dimeter at Kew under his father brought with 
il duties more than adequate to occupy tho time and attention of an 
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Ordinary official. The p erform ance of these duties, however, did not 
impede his Antarctic studies, and in IJiGO, which saw the completion 
of the great work on tho botany of (lie Antarctic voyage, Hooker was 
able to add still further to his extensive knowledge of topographical 
botany. In tho autumn of that year ho was asked by CapL Wash¬ 
ington, hydrogniphor of the Koyaf Navy, to take part in a scientific 
visit to Syria and Palestine* In the course of this journey he ascended 
Ijcbiuuon and investigated the history, position, and ng® of the cedar 
gyovc which has made that mountain a household word, but of which 
until then nothing was accurately known. 

On the death of the venerable Sir William Jackson Hooker in 1SA5, 
Hooker was appointed director of tho Royal Gardens, Kew, in suc¬ 
cession to bis father. Thin position ho held during the next 20 years* 
The engrossing work and added responsibilities of this period did not, 
however, prevent Hooker from taking his full sliare of those public 
duties which naturally fall to tho lot of men of his eminence. He 
presided over the thirty-eighth meeting of tho British Association 
held at Norwich in 1S6S, and over the department of zoology and 
botany in tho biological section at tho meeting held at Belfast in 
1874. In 1B76 ha undertook the arduous duties of president of 
tho Royal Society, and occupied the presidential choir for the next 
five years* Sot did those duties entirely debar him from further 
botanical travel. In 1871 ha undertook, in company with the lute 
Mr* Ball and Mr. G. Maw, a botanical expedition to Morocco and tho 
Atlas Range; in 1877, in company with his intimate friend, Dr, Asa 
Gray, and with Dr, Hayden, of the United States Survey, he took 
part in an important botanical journey to Colorado, Wyoming, 
Utah, the Rocky Mountains, the Sierra Nevada, and California. 

From tho time of his retirement in ]$85, Hooker's life was spent 
at The Camp, near Sunningdale, where he had built for himself a 
home, the grounds of which, furnished with all the advantages that 
knowledge and taste can provide, contain one of the most interesting 
collections of plant forms in this country. Here he devoted himself 
with the energy and enthusiasm of one commencing his career to the 
completion of tasks already in hand and to the initiation of new' ones. 
His critical acumen, which remained unaffected by advancing age, 
and his physical vigor, which became seriously Impaired only a Jew 
weeks before his death, enabled him, in the freedom from administra¬ 
tive duties which retirement had brought, to accomplish work which 
as regards its amount must be considered the ample harvest of a 
lifetime, and as regards its quality t and no higher tribute could well 
be bestowed, fully sustained the reputation of his earlier publications. 

The work which Hooker accomplished can be but briefly outlined 
here. Space forbids a complete enumeration of his many contribu¬ 
tions to natural knowledge; all that can be done is to endeavor to 
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indicate the -various lines of Ha intellectual activity, anti to note Low 
these ft ere atfected by iho leading events in his personal history. 
While still tin undergraduate, Hooker had been at work in Ids father’s 
herbarium in Glasgow, The earliest of his results appear In a paper 
on Indian mosses, written in collaboration with the late Prof. Harvrv, 
which Wl is published in 1840, shortly after bo bad joined the expedi¬ 
tion under Koss, Work connected with ayptogamic plants w^s one 
of his strongest early inclinations, for some of the most important of 
Ids papers, prepared during the years 1844 to 1847, when lie had 
returned from the .Antarctic, deal with the hopatics, lichens, mc>sst i a, 
and alga? of the southern circumpolar regions. But a predilection for 
work on fossil botany manifested itself id moat as carle in h:-i career; 
another early paper, written and published in 1842, while still 
hot insist on the h'rthu*, deals with an examination of a Tasmanian 
fossil wood. As his general work on the Antarctic material he had 
accumulated made progress, we find, however, that his crypto garni c 
work coma to bo {lone more and more in collaboration with workers 
who had made some particular lower group their special province, 
Ihe 1 >nlankal results of the Antarctic voyage occupy six quarto 
volumes subdivided into three sections; (I) The Flora Antarctica, 
completed in 18-17, before he left for India; (2) the Flora Novas 
Zclandue, issued in 1853, after his return from thy East; and (3) the 
Flora Tasmania-, published in 1860, after he bad become assistant 
director at Kew, 


But the preparation of the first section of the Antarctic: work did 
not uuj>edc his activities while connected with the geological survey 
between 1848 and 1847. Before undertaking the duties of the post 
he hail already given attention to problems connected with fossil 
botany while attached to the survey he prepared during 1846—17 
several important papers on the subject, the most notable of three 
being a diacmwion of the vegetation of tho Carboniferous period as 
comp areal with that of the present day, which was printed in 1848 
But his interest in the subject did not etui with the severance of his 
connection with the geological department; two interesting papers on 
fnssd botany from his pen were published in ]885. After his appoint- 
ment as assistant director, however, ho made no further formal con¬ 
tribution to knowledge m this particular field. His Antarctic work 
and bis duties in connection with the geological survey did not 
however, suffice to occupy all his time prior to his departure for 
India. Ho drew up an Enunn-ratmn of the Plants of the Galapagos 
Archipelago, issued in 18-17, and collaborated with the fare u„ 
Bentbam in preparing the flora Xigritiana, incorporated bv&r 

W. J. Hooker m tbo Niger Flora, puld idled in LS4p ‘ ‘ 

Slime Of the results of Hookoris lndian observations, notably those 
relating to his journeys in the Indian plains, were published by 5» 
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Asiatic Society of Bengal m 1S4S. But if on his return to England 
iu IS51 he reverted witli energy to the elaboration of his Antarctic 
results, the Indian material was not neglected. Ho began, in col¬ 
laboration with Thomson, that Flora Indica, the issue of which in 
1855 has already boon alluded to* In connection witli this work two 
sumptuous illustrated folios were issued; the first p on The Rhodo¬ 
dendrons of the Sikkim-Humdaya, was edited from Hooker's notes, 
sketchy and material, by his father, between 1816 and 1851; the 
second, Illustrations of Himalayan I s ]ants, chiefly made for an Indian 
Mend, Mr, Cathcart, in the Darjeeling neighborhood, was edited, 
with descriptions by Hooker himself, in 1855. 

This was, however by no means all that he was able to nreom- 
jdidi. In addition to the families formally described in the solitary 
volume of their Flora Indira, Hooker and Thomson discussed in the 
Linnean Society's Journal various problems of interest relating to 
individual Indian plants, and Issued a series of papers, Pnceursores ad 
Floram Indicam, dealing more completely with a number of impor¬ 
tant natural families. Finally, Hooker's Himalayan Journals, one of 
the most fascinating books of travel in our language, in which hia 
Indian journeys are dealt with generally, was issued in two octavo 
volumes in 1854, Probably no botanical field work has proved more 
fertile in interest or provided material of greater value in the discus¬ 
sion of biological and phy topographical problems than that done hy 
Hooker. Yet great as were his botanical results and pardonable as 
it is in the bontonkal worker to look upon these as Honker's highest 
achievement. It is doubtful whether the topographical results were 
not of oven greater moment. These results, reduced by Hooker him¬ 
self, with the assistance, as he tells us, of various Anglo-Indian 
friends who came under the magic spell of his personality, were 
arranged at Darjeeling during the early months of IS51 + They 
formed Lhu basts of a map, published b)* the Indian trigonometrical 
survey, with the aid of winch, such is its accuracy and its detail, the 
operations of various campaigns and poll Lind missions have been 
carried to a successful issue. 

The IP years during which Hooker was assistant director at Kew 
were marked by extraordinary activity. The time that could ho 
spared from executive duties was far from being entirely absorbed in 
Antarctic and Indian work. In 1862, and again in 1864, he dealt 
with important collections of plants from Fernando Po and the 
Cameroon^ in papers valuable in themselves ami in the evidence they 
afford that his interest in the flora of the Dark Continent, first evinced 
in 1847, had never abated. This interest showed itself once more in 
n paper of 1875, which may be mentioned out of sequence, on the 
subalpine vegetation of Kilimanjaro, In tSiis ease, however, the 
interest was associated with another which had guided much of Ida 
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Antarctic study and had manifested itself in 1856 and hi 1861 in 
dealing with the Arctic plants collected during the Franklin searches 
mid the MeClintock expedition. The problems involved were dealt 
with in a comprehensive fashion in ISGI in Hooker's classic, Outlines 
of the Distribution of Arctic Plants, A group of kindred problems 
had presented themselves to Hooker when engaged in the study of 
the vegetation of the more o dying Antarctic and Bub-Antarctic 
islands, and subsequently when deling with the plants of Galapagos, 
To this period, therefore, we may moat property ascribe tbe formation 
of the views enunciated in a notable discourse on Insular Floras, 
delivered at the meeting of the British Association at Norwich in 
1 ^ et another allied group of problems called for consideration 

m connection with his Antarctic, Indian, and African studies; hi* 
conclusions with regard to these are stated in his Introductory T5ssay 
to the Flora of Tasmania, published in i860; the opinion® there 
expressed on the origination and distribution of aper ies suffice to 
explain the action which Hooker took when, in conjunction with 
LyelJ, lie had induced Darwin, in ]&5S, to publish a preliminary 
sketch of his famous hj^othesis. 

To tho same period of his activities belongs the share taken by 
Hooker between 185$ and 1864 in the preparation of Thwaiters 
enumeration of the plants of Ceylon. To this period we owe, more¬ 
over, tho codification of the results given in the second portion of 
the Antarctic flora in the form of a Handbook of the New Zealand 
Flora, contributed to the series of Colonial floras published under 
Government authority, The work was issued in part in T8G3; the 
concluding portion was published in 1867, shortly after tho period 
had come to an end. But to this period wa owe, in addition, various 
important special studies on the structure and affinities of Balano- 
phurem, published in 1866; on the origin and development of the 
pitchers of Nepenthes, in 1856; and on M’alwitschsa, in 1863 The 
most obvious result of Hooker's visit to Syria in i 860 is a p™ on 
the cedars of Lebanon, Taurus, Algeria, and India, published in IS62. 
In Lins art.de a eubjoc of great interest and considerable difficultv 
“ handled with masterly skill But the journey bore further fruit 
m the form of a nriy pteng sketch of the botany of Syria and 
Palestrae, contributed in 1883 to Smith a Bible Dictionary “ Fxten 
sivo anti important as these various contributions to botanical knowl 
edge are, they do not include all that Hooker accomplished while 
osaiotant dim-tor; the moat onerous and important undertaking ini 
tiated during thb period ha« »tiU to be mentioned. 13 S 
labors lion with Mr. Ben ham was commenced one of (| JP nnstanding 
botanical monuments of the nineteenth Centura- in *j. * , " 

?r. G TV s !“ ton " i I'VJ”^*2 «'k 

includes, the timt, was completed in 1865. *■ 
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Hooker 1 a succession in that year lo the directorship of Kew brought 
with it nil the responsibilities connected with the administration of 
that national institution. Thesej however, did not prevent him from 
continuing to take his share in the preparation of the Genera Plan¬ 
tar tun, the second volume of which was completed in IS76, the third 
and concluding one In 1888: The directorship, however, brought 
with it the duties of continuing ihe Botanical Magazine and the 
Tcones Pla citatum, edited by hie predecessor. These duties Hooker 
continued to fulfill even after his retirement in 1335; in the ease of 
the leones until )SS9 f in Unit of the Magazine until 1002, and with 
the collaboration uf Mr. W. B. Ihmdry for two years longer, his con¬ 
nection with this historic serial ending in 1904, with the completion 
of the one hundred and thirtieth volume. The death of Ins father 
imposed on Hooker yet another filial duty of the most arduous char¬ 
acter, that of replacing in 1870, by his own Student's Flora, the 
British Flora uf liis predecessor. In 1873 he annotated and rear^ 
ranged the natural families of plants Lu an English version of the 
Traitg g4n£raJ of Le Maout and Decaisne, and in 3S70 he wrote for 
the series of science primers that on Botany. 

The results of Hooker's journeys in North Africa in IS71 are given 
in A Journal of a Tour iii Morocco and the Great Atlas, written in 
collaboration with Ball and published in 15473; those of his visit to 
North America in 1377 were summarised by himself in Nature, voL 
16, p. 539. 

Of the addresses and discourses delivered by Hooker during this 
period, that on Insular Floras of 1366 has already been alluded to. 
That delivered from the president's chair to the British Association 
m 1368^ with its whole-hearted advocacy of an acceptance ol the 
hypothesis of Mr. Darwin as the surest means of promoting natural 
knowledge, was perhaps more important in its effect on scientific 
thought generally. Hb British Association sectional address of J 874. 
on The Carnivorous Habits of Plants, was an illuminating review of 
those problems to which his own observat ions and researches on 
Nepenthes in 1859 had directed attention. 

..It has recently been remarked that “so broaddrased wore the foun¬ 
dations of Kew as laid by Sir William Hooker that they have been 
but little extended by his followers. Their work has been to build a 
noble anp«rstructure. Viewed in detail, Kew is hardly anywhere 
the same as it was in 1365. But the framework is very" much the 
same/ 1 These remarks are so just that no useful purpose could be 
served b} r any attempt to enumerate here the various manifest a Lions 
of Hooker's activity as an administrator, or to detail the alterations 
and additions which marked his directorship. That activity, as was 
said by Prof. Asa Gray in the article on Hooker in our Scientific 
Worthies series (Nature, voL 1.6, p* 533), was exercised " in such 
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Wise as to win, along with national applause, the gratitude of the 
scientific world.’ Xor is more thim a passing allusion due to a 
bitter controversy in 1872, Hooker’s unsought share in which the 
world of aencnee made its own. Those whoso curiosity extends to 
the raiedifyipg may find the details in a parliamentary paper; it Is 
sufficient to remark that in the following session the Royal Society 
chose Hooker to preside oyer their councils. 

We have yet to allude to what was the heaviest, and the most pro¬ 
longed task of Hooker’s life, the publication of the Flora of British 
India, During his collaboration with Thomson, prior to 1855, in 
the elaboration of the results of their Indian journey, the two friends 
had been able to render available for scientific study the botanical 
treasures preserved in the East India House. The heavy but essen¬ 
tial task*of distributing these involved as a corollary the' preparation 
ami issue of a catalogue of the specimens dealt with. This catalogue 
Hooker wils able to publish in 1865. A similar necessity subse- 
«|ueiiily arose in connection with the Peninsular Indian herbarium 
brought together by the late Hr. Wight. This subsidiary distribu- 
liim was completed and the requisite ancillary catalogue was pre¬ 
pared by IS70. The tusk of preparing for British India a flora on the 
lines of those written at Kew on behalf of the various colonies could 
at lost be undertaken. This task was at once begun; the opening 
part of the Initial volume appeared in 1872, and the Volume was com¬ 
pleted in 1S75. It was followed by the second volume, finished in 
1S7 *» b y ihe tidrd, finished in 1882. and by tho fourth, the concluding 
part of which was Issued, Just as Hooker retired, in 1885. 

Xearly half of the gigantic task had still to be accomplished sir 
that in Hooker’s ease retirement, if it brought relief from adminis- 
t native cares, did not bring leisure. The heavy labor was faced with¬ 
out flinching; tho progress of the work remained unchecked The 
fifth volume, containing four parts, was completed in 1890; tho sixth 
also a Volume of four parts, in 1891; the seventh and conr’ludmc vot- 
iiixir Appeared in I S07. ta 

ill the meantime, however, Hooker undertook a new and onerous 
task, {shortly before hk death the late Hr, Darwin informed Hooker 
of Ids intention to devote a considerable sum to be expended in'pro- 
viding some work of utility to biological science, and to arrange that 
its completion be assured should thk not be accomplished during hh 
lifetime, The difficulties which ho had experienced in bis own studies 
led Darwin to suggest that thk work might take the form of an bidex 
lo the names, authorities, and countries of all flowering plants U 
Darwin’s request, tho direction and supervision of the work was under 
taken by Hooker; the actual preparation was entrusted to lb V 7)" 
Jackson. The result k the Index Kewcusis, of which tho publica¬ 
tion alone occupied the period from 1892 to 1895 During flit 
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period devoted to its preparation and publication the work received 
the unremitting care and attention of its director and it* compiler. 
Other works, however valuable they may be\ admit, as a rule, of 
some relative estimate* To the Index Kewensk no such mode of 
judgment is applicable; it is simply invaluable, and stands a lasting 
monument to the wisdom and generosity of Darwin, the piety and 
Bogachy of Hooker, the care and fidelity of Jackson. While this 
Index was in progress, Hooker arranged for publication in 1895 a 
century of drawings of orehitk, for which ho provided descriptions, 
from among the manuscript figures placed at his disposal by \ hr- 
Calcutta herbarium in connection with his own work on the Flora of 
British India. Scarcely had the responsibility attaching to the prep¬ 
aration of the Index been laid aside ere Hooker undertook, as an act 
of justice to the memory of a distinguished predecessor, to edit ihe 
Journal of the Eight lion. Sir Joseph Bank*, during Captain Cook's 
first voyage* 1768^71; this work was published in 1896, 

The tmte-ronjs inning and exacting labor which the preparation of 
the Indian Horn entailed had barely ended when ike chivalrous gen* 
orsaty of Hooker was once more invoked. The late Dr + Trimen had 
undertaken the preparation of a Handbook of the Flora of Ceylon, 
Three volumes ol this work were issued between 1393 and 1895. 
While it was in progress Trimen was mortally stricken; the third vol- 
yuis! wa* issued with the hand of death upon the author. When 
Trimeu died the Government of C eylon sought Hooker's aid. Wills 
indomitable courage the veteran of over SO undertook the heavy task 
of completing the work of another author who had fallen a victim in 
the princM of life, under restrictions m to scope and style which, 
whether they met with hk approval or not, were at any rate different 
from those hitherto observed by himself. Perhaps no more touching 
token of regard than this was ever paid to the memory of a friend. 
The fourth volume of the Ceylon flora, to some extent edited from 
material left by Trimon, appeared in 18§Sj the fifth and concluding 
volume, which it fell to Hooker to prepare himself, was issued in 
ruin, Still, os he himself once expressed it, "dragging the lengthen¬ 
ing chain" of the Botanical Magazine, Honker devoted the next, two 
yearn of his own life to writing that of hb father, which appeared in 
the Annals of Botany in December, 1902, Coincident with t he 
appearance of tliis tribute of filial piety came the arrangement which 
relieved him of some of the pressure which the editing of the Maga¬ 
zine entailed, but not the anticipated freedom. At the request of 
the Government of India, Hooker undertook to prepare for the 
Imperial Gazetteer a sketch of the vegetation of the Indian Empire. 
This task, one of the most d i ffi cult, when regard Lh bed to the limita¬ 
tion of space almost necessarily imposed r that could well hi- under¬ 
taken, was successfully accomplished and haa resulted in an is-ly 
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comp el ruble with that on tho botany of Syria anil Palest mo r written 
30 years earlier. 

The active intellect which had for five and si^ty years taken a fierce 
(Might in laborious (lays, urn I hud throughout "found a task to bo 
more congenial in proportion to its difficulty, was not Kkely to &cok 
satisfaction in an unbroken round of quiet breathing. If now worlds 
need not bo sought for conquest, at Mist some unregulated province 
might bo reduced to order. Among the families uf Indian plants 
dealt with by Hooker and Thomson in their Pracursores, one uf the 
most fascinating, whether for tho variety of its forms or the intricacy 
of their relationships, had been the BaJeatnineai. Since 18,59, when 
their paper appeared, a host of new Indian and Chinese forms had 
been fvported j tho charactois met with in some of tbrae appeared to 
invalidate earlier conclusions. To the study of tliis interesting group 
Ilooker devoted his attention from IfiO-i onward, evolving order out 
of an apparent chans, and in the course of his studies placed those 
in charge of most of the inijHirtant herbaria in Europe under a deep 
obligation by supplying them with a uniform nomenclature for their 
spocimens. On this work, which, so far at least as the Asiatic forms 
are concerned, had been practically completed. Hooker was engaged 
almost to tho last. 


Shortly summarized, and omitting here any reference to excursions 
into the domain of economic, morphological, and physiological 
botany, or to eysf i-maric studies of materitd from countries in which 
ll ' did not Limstllf travel, wo find evidence of the existence of several 
definite lines of active interest, athwart which fell the shadow of 
various outstanding events hi Honker’s career. The record indicates 
that Hooker s strongest and earliest predilections were perhaps toward 
I he study of cryptugandc plants and work on fossil botany. Tin- 
first predilection reached its culmination in 1844, when he returned 
from the circumpolar expedition on which he had started in is;gi 
Th«- pressure exercised by problems, to the elucidation of which the 
evidence of flowering plants with their more special organization and 
more restricted distribution is of greater value, gradual!v led to the 
abandonment of this Reid of study, which was not reentered after 
he left for India m 1847. The predilection for work on fossil botany 
naturally reached its culmination while Hooker was attached to the 
geological survey. Its influence, though not entirely inhibited was 
less active after Hookers return from the East, and lid* field of studv 
was abandoned when he became assistant director of Eew in IS” * 
The predilection for the study of those problems that relate to tho 
origination and distnbution of sped**, to which lus experience as a 
field naturalist on circumpolar islands and «, mn „ ,i , “ 

v«U,.y. at tLo M *iv.i, «, *«,, IZhJ'Hj 

culmination while he was assistant director ,o l- ■■ lts 

uirector at Jxew, and is manifested 
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most strongly in the classical essays which date from i860 to 1866. 
Without attempting to estimate the interaction effects of the work of 
Darwin on that of Hooker ami vice versa, we may hero direct atten¬ 
tion to the fact of their existence, Nor could it bo otherwise; the 
two men studied and wrote, on terms of intimate and affectionate 
friendship, in an atmosphere surcharged with great and pregnant 
thought. 

With Hooker's succession to the directorship of Kcw in 1SG5, (lie 
Antarctic work had practically ended, foe the concluding moiety of 
the New Zealand handbook appeared in 1867. Ho was now able to 
do for India what he had already dono for Tasmania and Now Zea¬ 
land, and if, when he retired in 1885, only half of his I ndian systematic 
work had been accomplished, there was no break in its continuity. 
If we except his mnstedy sketch of the vegetation of India, prepared 
after the Indian Flora had been completed, we are without a record 
of his conclusions from Indian botanical evidence, comparable with 
the brilliant generalizations based on his study of die Arctic, Ant¬ 
arctic, and insular floras of the globe. This may be a cause for regret; 
it cim be no cause for surprise, Not only is the Indian field the wider 
t ,f the two; Hooker completed the essential preliminary spadework 
in the other during the Iff years between 1844 and I860, whereas the 
corresponding Indian toll exacted over 40 yearn of labor between 1851 
and 1897. When the Indian preliminary work was done, it only 
served to prove that the relationships of the Indian, Malayan, and 
Clutu-se floras are so inti male as to demand their conjoint considera¬ 
tion. . 

The completion of the Indian Flora in 1S97, rather than the demis¬ 
ed,, n id ihe directorship at Kcw. marks the close of a period in Hooker's 
work- The next epoch, a comparatively brief one, was devoted to 
the jnerfomianco of acta of piety to the memory and regard for the 
wishes of predecessors Or of contemporaries whom he had outlived. 
These task.-, ended, the evening of his life was devoted by Hooker to 
work which in many respects was, even for one so wide in his range 
and so varied in his interests, a new departure, llis great Antarctic 
Flora, his still greater Indian one, are splendid examples of broad 
canvases upon which in bold and striking lines the hand of a master 
has depicted the salient and essential features of a highly diversified 
landscape, and no one has ever portrayed with a surer touch, in 
the work to which Hooker devoted the dosing years of his life, ho 
bus treated u single natural family as a precious gem, upon which, 
with a hand as sure as the one that has given us the ample atmosphere 
of has great pictures, he has engraved an exquisite intaglio. 

To offer here an estimate of the quality of Hooker’s work would 
surelv be out of place. That task hits already been performed in 
the pages of Mature by one who was in the strictest sense Hooker's 
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contemporary, and who, if he had not the advantage of such |>er* 
Fpcctive tta rime affords, at least had ulJ the henefit iff distance in 
space to aid his judgment, 1 l is sufficient hero to say that the estl- 
iiHL!.- made in 1*77 has been fully sustained by :dl that lias happened 
since; it is, moreover, interesting to reflect that the hope then so 
fondly oppressed that Hooker, already in Ills siMielh vear, tnight 
still ljc only in mid-career baa been fulliUed almost to a day. If it 
be urged that in one rvspert the judgment of 1S77 ls at a disadvan¬ 
tage as being from tha pen of one who, like Darwin, was bound to 
Hooker by the ties of almost lifelong affection, then we can only say 
that no one now alive who has enjoyed the privilege of Hooker's 
acquaintance may venture to judge Ids. work, because to know Honker 
v as to love idm. I*hn breadth of lib- interests, the depth of ids 
knowledge, and the wisdom of his counsel combined to inspire rever¬ 
ence and regard. But above all thi’so qualities, and beyond the sin¬ 
gular cliarm of his manner, shone the unstudied and unstinted kind¬ 
ness which compelled affection. 

A member of the I mwcun Society since 1842, Hooker was a member 
of the council during 24 years, and for 15 of these was one of its vice 
presidents. He was also a member of the Geological Shirty, which 
hi- joined in 1846. lie was elected a fellow’ of the Royal Socielv in 
1*17, and served on the council during 17 years, for fi of these as 
u vice president and for 5 as president- A correspondent of the 
Institute and a member of I ho Academies of Berlin, Bologna, Boston, 
Brussels, Copenhagen, Florence, Gottingen, Munich, Rome, St. Peter^ 
hnrg, Stockholm, and Vienna, he enjoyed, in addition, the freedom 
"1 practically every society or corporation Unvoted to the promotion 
of natural or technical knowledge within and beyond the British 
Empire, Xot a few of these bodies have bestowed on [ looker still 
furl her distinctions. On the recommendation of the Rovat Society 
he received il Royal medal in ISM; by the same society he wiis 
awarded the Copley medal, its highest honor, in ISS7, and the Darwin 
no dal in 1892. From the Society of Arts he received their Albert 
in ]K83; from ihn Geographical Society their Founder's medal 
in 1SS4: from the Lin non n Society their Linnean medal in |xx<4, a 
meilal struck to islcbrato his own eightieth birthday In 1S07, and 
ono of the medals struck in IMS to commemorate (Jio fiftieth anni¬ 
versary <>t the publication of the joint communication of Darwin and 
Wallace on natural nelcotion, in the original presentation of which 
to the society bo hail played so important a part. The Manchester 
Philosophical Society awarded iiim a medal in 1S9S, lini \ j n 
received, in circumstances of singular dignity, from the Swedish 
Academy, what ho himself has characteris'd aa the crowning honor 
of Ids long life—the solitary medal, struck especially for the occasion 
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to commemorate the two-hundredth annivcisnry of the birth of the 
great Ijnneeus. 

Among lib academic distinct ions wore the honorary degree of 
IX c. L. r conferred upon him by the UmVMNty of Oxford, and that 
of LL. IX from the Universities of Cambridge, Edinburgh, Dublin, and 
his own Alma mater, Glasgow. 

lib foreign distinct ions have included memliership of the Koval 
Swedish Order of the Polar Star and the Royal Prussian Order “Four 
It, MSrito,” By hb own Government ho was made a C. IX in 1S6D, 
the vear following hb presidentship of the British Association; he 
was made a K. C. S. I. in IS77, toward the dose of his presidentship 
of the Royal Society. Ho was in 1S97 promoted t» the grade of 
G. a S. 1.. when, in hb eightieth year, the Flora of British India was 
completed; and in 1007, on hb ninetieth birthday, he received the 
Order Merit. 

Unit’ and robust in his venerable old age, the veteran Hooker not 
only attended the DarwinAVallnce celebration organized by live Lin- 
nean Society in 190$, addressing the delegates and fellows present in 
a speech which recounted the part played by himself half a century 
earlier; ho i »bo attended the celebration at Cambridge in 1909 which 
commemorated the centenary of the birth of hb friend Darwin. At- 
work uniil within a few weeks of his death, and keenly mlercsled in 
current topics to the lost, Hooker passed peacefully away in hb 
sleep, at hb residence, The Camp, near Sunningdide, at midnight on 
Sunday, December 10. As was befitting, on invitation was offered 
to receive hb remains in Westminster Abbey. Hooker had, how¬ 
ever, expressed lib wish that they should rest in the tomb in which 
hb illustrious father's body was laid. Thb wish was fulfilled, and 
on Friday, Decern law 15, he was buried in tho family grave in the 
old churchyard of Krw. The cortege followed the coffin to the church, 
ii> was meet, from llie house so long occupied by, nnd so full of memo¬ 
ries connected with, his fai her and himself. At Kew, where so much 
of what he accomplished was done, lie sleeps with his people, fttid 
Eow with its old churchyard b now more sacred even than it was 
to botanical pilgrims. 
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